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PREFACE. 



The object of this volume is to put into concise form 
what the Author considers the minimum requirement of 
knowledge of the subject of Descriptive Geometry for stu- 
dents entering on an engineering course. 

It is desirable where possible that the text should be 
supplemented by blackboard demonstration and individual 
classroom instruction. 

The student should bear in mind that a thorough under- 
standing of the methods of descriptive geometry is necessary 
to the proper interpretation of constructive drawing, and 
that in his study of the subject he should aim at grasping 
the methods rather than, at learning special text-book 
problems. 
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INTRODUCTION. 

Under Descriptive Geometry are included all methods of 
graphically representing lines, planes, and solids upon plane 
surfaces. 

The special portion of the subject treated in the following 
chapters is rectangular or orthographic projection, with such 
incidental references to the more general methods of descrip- 
tive geometry as may be necessary to render the special 
problems, which are considered, intelligible. 

In Orthographic Projection there are two projection 
planes, which are supposed to be at right angles to each 
other. The projection of a point is the intersection of the 
perpendicular from the point upon the plane. A point is, 
therefore, completely represented with reference to the 
projection planes by its two projections. The projection 
planes may be in any position, but they are usually sup- 
posed to be horizontal and vertical, and projections upon 
the two are distinguished accordingly. The objects to be pro- 
jected may be in any position, and may, therefore, occupy any 
one of the quadrants or dihedral angles formed by the planes. 
The vertical projection is also sometimes called the elevation, 
and the horizontal projection the plan. The line in which 
the planes intersect will be distinguished as XY. When 
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the planes are turned about this line until they come together^ 
the portion above the horizontal line is conceived to be 
the vertical plane above the horizontal, as XLMY in the 
sketch, Fig. 1, and the horizontal plane behind the vertical,, 
as XSRY. Similarly the portion below XY represents the 
horizontal in front of the vertical, as XPQY, and the vertical 
below the horizontal, as XNOY. 




Fig. 1. 

The surface of the drawing-paper, therefore, represents 
everywhere two planes, and the planes extend indefinitely 
in all directions. 

Notation. — Points are represented by capital letters, 
horizontal projections of points by small italics, and vertical 
projections by the same accented. Thus A is a point, a its- 
horizontal, and a' its vertical projection. Similarly, if the 
extremities of a line -are A and B, AB represents the line, 
ab its plan, and a'6' its elevation. Where there are several 
projection planes for the same figure and a given point A 
is projected on them, the several plans may be denoted by 
a\, a2, etc., and the several elevations by a'l, a'2, etc. 

The vertical and horizontal planes may be denoted 
respectively by V.P. and H.P., and XY will, in all cases^ 
stand for the intersection line of these planes. 
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POINTS AND LINES. 

Straight lines are represented either by their projections 
or by their traces. The traces of a line are the points where 
the line or its production meets the projection planes. 

Lines which are parallel have ' their projections on the 
same planes parallel. When a line is parallel to a projection 
plane, a projection of the line is parallel to XY. 

Problem I. — Given the position of a point with reference 
to the projection planes, to determine its projections. 
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Fig. 3. 



The sketch. Fig. 2, represents the vertical and hori- 
zontal planes meeting in XY, with points in each of the four 
quadrants or dihedral angles. The drawing. Fig. 3, repre- 
sents the orthographic projections of the same points. 

In Fig. 2, the point A is situated above the horizontal 

3 
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and in front of the vertical, and its projections are a and a\ 
These projections are correctly drawn in Fig. 3, a representing 
a projected point in the horizontal in front of the vertical 
and a' one in the vertical above the horizontal. In Fig. 2, 
the perpendicular projecting lines for the point A are ka 
and Aa', a'm and am are respectively parallel and equal to 
these; hence am, a'm are both perpendicular to XY, and 
when the planes are folded into one, they will form one 
straight Une aa^ perpendicular to XY, as in Fig. 3. The 
perpendicular distance of a, Fig. 3, from XY will be the 
true length of Aa'^am, Fig. 2; and the perpendicular 
distance of a' from XY, Fig. 3, will be the true length of 
Aa = a^m, Fig. 2. The point B, which is below the horizontal 
and in front of the vertical, is similarly projected in 6 and 
6', and since V, the vertical projection, falls below XY, Fig. 2, 
it is represented below XY in Fig. 3. 6 is then the plan 
and V the elevation of the point B in the given position, 
and the distances in Fig. 3 are equal to the true lengths of 
the similarly lettered lines in Fig. 2. The point C is situated 
above the horizontal but behind the vertical. Its projec- 
tions are similarly found in c and c', and in the drawing 
(Fig. 3) the former point (the plan) is represented above XY 
because it is behind the vertical. The point D is in the 
third quadrant (i.e., below the horizontal and behind the 
vertical). Its plan d falls above XY and its elevation d' 
below XY. 

Hence, to find the projections, first determine the plan 
and through it draw a line perpendicular to XY. The ele- 
vation will be found on this line. When a point is in front 
of the vertical and above the horizontal, i.e., in the first 
dihedral angle, its plan is below and its elevation above XY. 
When it is in front of the vertical and below the horizontal, 
i.e., in the second dihedral angle, its plan is below and its 
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elevation is also below XY. When it is below the horizontal 
and behind the vertical, i.e., in the third dihedral angle, its 
plan is above and its elevation below XY. When it is above 
the horizontal and behind the vertical, i.e., in the fourth 
dihedral angle, its plan and its elevation are both above XY. 

Observe that the line joining the plan and elevation of 
the same point is always perpendicular to XY. (See Fig. 3.) 

Exercises. — Find the projections of points situated as fol- 
lows: 

A, r'.5 above H.P. and 2".5 in front of V.P. 

B, 1".0 below H.P. and 2".0 in front of V.P. 

C, 1".5 above H.P. and 0".5 behind V.P. 

D, 2".5 below H.P. and 1".0 behind V.P. 

E, in H.P. and 2".0 behind V.P. 

F, in V.P. and 2".0 above H.P. 

G, in H.P. and 2".0 in front of V.P. 
H, in V.P. and 2".0 below H.P. 

The projections of each of these points are represented by 
the corresponding small letters in Fig. 4. 
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Fig. 4. 



Problem II. — Given the projections of a point, to de- 
termine its position with reference to the projection planes. 

This is precisely the converse of the previous problem. 
The perpendicular distances of the projections from XY are 



ELEMENTARY DESCRIPTIVE GEOMETRY. 



the distances of the point from the planes, and the general 
rules given in Problem I may also be employed to determine 
the position of any given point from its projections; In Fig. 

. 3, the plan a is below XY and the point is, therefore, in front 
of the vertical and at a distance am from it. The elevation 
a' is above XY and hence the point is above the horizontal 
and at the distance a'm from it. 

Similarly the point B, which has its plan below XY and 
its elevation also below it, is situated in front of the vertical 

. and below the horizontal. The point C, which has both its 
plan and elevation above XY, is situated behind the vertical 
and above the horizontal. The point D, which has its plan 
above and its elevation below XY, is situated behind the 
vertical and below the horizontal. 

Exercise, — Define the positions of A, B, C, D, E, F, as 
represented by the projections in Fig. 5. 
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Problem III. — Given the position of a line with refer- 
ence to the projection planes, to determine its projections. 
[The projection of a line on a plane contains the projections 
of all the points in the line, and the projection of a straight 
line is a straight line.] 

For convenience a line of given length will be employed. 
When the positions of the ends of the line are known and the 
projections of these found by the method of Problem I, the 
required projections are known. 
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Example 1, — ^A line AB (K'.7 long, perpendicular to the 
horizontal and 0".35 distant from the vertical. (See Fig. 6.) 

Draw a line perpendicular to XY, measure downwards 
from XY the distance 0".35 to a, which will be the plan of 
the line, smce it is perpendicular 
to the projection plane. If one 
end A of the line be taken in the 
H.P., the vertical projection of 
A will be a' in XY. Measure on 
the upper side of XY a length - 
a'Voiff'.l This is the required 
elevation. The elevation has 
the same length as the line be- 
cause it is parallel to it. Here 
the object is taken as being in 

the first dihedral angle. It may also be represented in each 
of the other dihedral angles. 

Example 2. — ^A line CD, 0".7 long, perpendicular to the ver- 
tical and 0".35 distant from the horizontal. (Fig. 6.) 

Proceed similarly to the last example, but now fix the 
vertical projection first. As represented in Fig. 6, the line 
is in the first quadrant with one end in the vertical plane. 

Example S. — ^A line EF, 0".7 long, parallel to both planes 
and 0".35 distant from them. (Fig. 6.) 

Take any point e, 0".35 from XY and below it. Through 
€ draw ec' perpendicular to XY, c' being 0".35 above XY. 
Through e and c' draw the plan ef and the elevation e'f, 
both 0". 7 long; //'is perpendicular to XY. Here both plan 
and elevation have the same length as the line, because they 
are both parallel to it. The line as represented in Fig. 6 is 
in the first quadrant. 

(Consider as an exercise how the projections would be 
affected if the line were similarly placed in other quadrants. 
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Example 4. — A line parallel to one plane, but inclined at 
a given angle to the other. (Fig. 7.) 

Let the line AB be O".? in length and inclined at 60° to 
the horizontal. Let the end A be in the horizontal at a, 
J,' __ ^, Fig. 7. The vertical projection of A 

is a' in XY. Since the line is parallel 

to the vertical, the vertical projection 

is also incUned at 60° to the hori- 

^ zontal, and therefore to XY. Draw 

a'6' at 60° and 0".7 long. Drop a 

perpendicular to XY from 6' and 

^1 through a draw a line parallel to XY 

to meet the perpendicular in 6; 06 is 

the required plan, a'6' is equal in length to AB since it is 

parallel to it, but the plan ab is foreshortened. 

Find as an exercise the projection of a line 1".5 long 
when parallel to the horizontal and at 30° to the vertical - 
plane. 

Example 5, — A line inclined to both planes and having its 
projection on one plane at a given angle to the other pro- 
jection plane. 

Let the Une be as in the last exercise, at 60° to the B[.P.y 
but with the horizontal : projection inclined at 30° to the 
V.P., i.e., to XY. 

Make first the same construction as for Ex. 4. Then 
draw a line aihi equal in length to 06, but at the required 
angle of 30° to XY. This is the required plan, because the 
angle of inclination to the horizontal being the same as in 
the last problem, the length of the plan remains the same, 
although its position is changed. Now, since the inclination 
to the horizontal remains the same, the point B is at the 
same distance above the plane and its new elevation is, there- 
fore, in the line drawn through V parallel to XY. Since it 
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is also in the perpendicular to XY drawn through 61, it is. 
at b\. The elevation of ai, since it is in the horizontal, is 
at a'l. Hence the required elevation is a\b\. In this case, 
since the Une is not parallel to either plane, both projections 
are foreshortened. If the plan ai&i were at a larger angle 
to XY, the elevation a\Vi would be still further foreshortened. 
When the plan aibi is placed at a right angle to XY, the^ 
elevation a'lb'i is also found to make a right angle with.XY, 
and in this case the line AiBi, which makes an angle of 60^ 
with the horizontal, will make 30° with the vertical plane^ 

Do not confuse the angle between the plan of the line 
and XY (or the V.P.) with the angle between the line itself 
and the vertical plane. 

Another method may be employed to obtain the required- 
elevation. (Fig. 8.) Imagine the vertical plane to make 
the required angle of (say) 45° &[ 

with its former position on the y 

horizontal, i.e., take a new inter- / 

section line XiYi (Fig. 8) making .. a/ 
45° with ab and the former XY. \ / 

Erect perpendiculars oa'i, 66' 1 and Iz 

on the latter measure off from p^^ g 

XiYi an altitude equal to the 

altitude of 6' above XY. ab is the plan and a'16'1 the eleva- 
tion on the plane meeting the horizoi^tal in XiYi. 

Find, as an exercise, by the methods of Fig. 7 and Fig. 8^ 
the projections of a line 1".5 long when it makes an angle of 
45° with the horizontal and its plan is at 60° to XY. 

Find also the projections of the same line when it makes 
an angle of 60° with the vertical and its elevation makes an 
angle of 45° with XY. 

Example. 6, — A line inclined at any given angle to both 
planes of projection. This is the general case. (Fig. 9.) 
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Fig. 9. 



Let the angle which the given line AB makes with the 
vertical be 3QP and that with the horizontal 40°. Take any 

point a in one plane, say the 
horizontal, and find its elevation 
a'. From a draw a Une ao, 
making with XY an angle of 30° — 
the required angle with the ver- 
tical — and from a' draw a line 
making with XY an angle of 40° — 
the required angle with the hori- 
zontal. Make these Unes ao, a'n 
equal to the length of the given 
line AB, and from the points o and 
n drop perpendiculars on XY, meeting it in p and g; a'p 
is the length of the projection of the line AB on the V.P., 
and a'q the length of its projection on the H.P. From a 
with radius equal to a'q describe a circle. The extremity B 
of the Une AB must have its horizontal projection in this 
circle. Similariy from a' describe a circle with radius a'p, 
the length of the projection on the vertical plane. The 
projection of B on the V.P. must lie in this circle, but it 
must also lie in the horizontal line n6' drawn through n, 
since nq is necessarily the distance of the point B above the 
horizontal. The vertical projection of B is therefore at b', 
and a'6' is the required vertical projection. From V drop 
a perpendicular to meet the lower circle in 6 and join ab, 
which is the required plan. The point h may also be found 
by drawing a line through o parallel to XY to meet the 
circle. There are obviously four positions above the hori- 
zontal in which the Une may be drawn to satisfy the con- 
ditions of the problem. Find the other three. The essential 
point of this problem is to determine the lengths of the 
projections, and this may be done anywhere on the paper. 
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The precise arrangement of the drawing as given in Fig. 9 
is not important. 

Exercise. — Find the projection of a Une 1".2 long which 
makes an angle of 30° with the H.P., and an angle of 45^ 
with the V.P., (a) when one end of it is in the H.P., (&) when 
one end of it is in the V.P., (c) when one end of it is 0".5 
distant from both planes. 

Problem IV. — Given the projections of a straight line^ 
to determine its length and its inclination to the projection 
planes. (Fig. 10.) 

Let AB be the straight line projected in ab, a'6'. Swing 
the line about one end until it is parallel to one of the pro- 
jection planes, while it still 
retains its inclination to the 
other plane. The projection on 
the plane to which it is made 
parallel will then be equal to its 
true length, and the angle be- 
tween this projection and XY 
will be its inclination to the 
otherplane. 

I)escribe the arc 66 1 from 
a as a centre and draw abi 
parallel to XY. The altitude of B has not been changed, 
hence its elevation is found in the intersection of the hori- 
zontal line through 6' and the perpendicular from 6i. Join 
this intersection point 6'i to a'; 6'ia' is the vertical projection 
of BA when the latter is parallel to the V.P. It is, therefore, 
equal to BA in length. The angle a which 6'ia' makes with 
XY is equal to the inclination of BA to the H.P. 

To find the inclination to the V.P., the vertical projection 
should in a similar manner be brought parallel to XY, i.e., 
to the H.P., by swinging it about A, while the line still retains 
its inclination to the V.P. This will serve also to measure 
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the true length of the line. (The Une might with equal facil- 
ity, in both eases, have been swung about the point B.) 

Take, as an exercise, projections similar to those in Fig. 
10, page 11, and make the measurements by swinging first 
.about A and then about B. 

Another Method. (Fig. 11.) — Let the point A be situated 
at a distance a^rn above a, and B at a height 6'n above b. If 

perpendiculars aAi, 6Bi equal 
respectively to a'm and 6'n be 
drawn to ofc, the Une AiBi will 
be equal to AB, and the incUna- 
tion (a) to ofc will be the angle 
which AB makes with the hori- 
zontal. Similarly, if perpendic- 
ulars be drawn at a' and 6' to 
the Une a'6' equal to the perpen- 
diculars from A and B on the 
V.P., that is, to am and bn, the 
line A2B2 joining the extremities of these perpendiculars will be 
equal to AB, and the angle (/?) between A2B2 and a^b^ wiU be the 
incUnation of AB to the vertical. -^i^-'^- 

Problem V. — To find the 
traces of a Une, i.e., the points 
where the line would, if pro- 
duced, meet the projection 
planes. (Fig. 12.) 

Let AB be the Une ; produce 
one of the projections, as ab, 
until it meets XY. At the 
point of meeting m, erect a per- 
pendicular to meet the production of the other projection 
o'&' in V.T., which is the trace in the vertical plane. Simi- 
larly, produce a'6' to n in XY, and erect a perpendicular to 
meet ba produced in H.T., which is the horizontal trace. In 



Fig. 11. 




H.T. 



Fig. 12. 
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Fig. 13 are represented cases where the portion of the line 
between the traces does not lie in the first quadrant as above. 
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The same method, however, applies to all cases. The H.T. 
will, of course, always lie in the horizontal projection or its pro- 
duction, and theV .T. in the vertical projection or its production. 

The figure to the right in 
(13) represents the special case 
in which the projections are in 
a plane at right angles to both 
projection planes. A special 
construction is here necessary, y^ 
Draw a line mnop perpendicular 
to X Y, representing a plane per- 
pendicular to both projection 
planes, and measure mb\ = rb 
and na\=ra; b\a\ may be 
considered a plan on the perpendicular plane corresponding 
to the given elevation a'6'. From this new-found plan and 
the former elevation the V.T. is found as in former examples. 
Similarly by finding an elevation in ai&i to correspond with 
the given plan ab the H.T. is found. 

Problem VI. — Given the projections of a straight line, to 
mark off a given distance along tho line. (Fig. 14.) 
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This is an application of the method of Problem IV. Let 
AB be tho given lihe; it is required to mark off a length equal 
to the line D, from A. Swing the line about A until it is 
brought parallel to the vertical in the projections ofci and 
a'6'i. From o! mark off the length a'm'i equal to D and 
find the plan of m\ in m\. Now return AB to its original 
position; mi is transferred to m by an arc from a as centre^ 
and m'l to m' by a horizontal line drawn through m\, mm' 
should be perpendicular to XY. AM, of which am and a'm' 
are the projections, is the required length. 

Prove the result of this method first by keeping B fixed and 
swinging the plan ; second, by keeping A fixed and swinging the 
elevation; third, by keeping B fixed and swinging the elevation* 
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Fig. 15. 

Problem VII. — Given the projections of two straight lines 
which intersect, to find the angles between them. (Fig. 15.) 
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Let AB, BC be the lines and let the line AC be horizontal, 
i.e., draw the vertical projection Une old parallel to XY and 
find the plan of the points A and C by drawing the lines a'a^ 
dc, perpendicular to XY. Find the true lengths of the lines 
AB and BC, as in Problem IV, and on oc as a base describe 
the triangle ac6i, having the sides 061, and cb\ respectively 
equal to AB and BC; 661 will be found perpendicular to ac. 
The angles at 61 will be equal to the required angles at B 
between AB and BC. The points A and C might have been 
iaken in the H.P., or a similar construction might have been 
made by taking points in the V.P. or in a plane parallel to it. 



m 



/ 

/ 






/ 



1 

\ 



\ 




\ 



.. ..:^^M 



Fig. 16. 



Problem VTII. — To find the projection of a given angle 
when the sides containing it make given angles with the 
projection plane. (Fig. 16.) 

Let it be required to find the horizontal projection of 
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an angle of 60° when the sides containmg it make angles of 
■30° and 45° respectively with the H.P. 

Take any point A in the V.P. and from it draw lines 
meeting XY in m and N, and making with XY the given 
angles 30° and 45°. The lines Am and AN are now to be 
made to contain the angle of 60°. Let one of them, AN, be 
retained in the V.P. while the other, Am, is swung about 
the vertical line Aa, the point m describing a circle in the 
H.P. about a as a centre until it makes with AN the angle 
of 60°. In order to measure this angle it is necessary to 
^^onstruct a triangle having sides equal to AN, Am, and 
containing the given angle of 60°. Let such a triangle be 
constructed in NAmi. Nmi equals the required side in the 
H.P. which will subtend the angle of 60°. Hence from N 
as centre describe an arc with radius Nmi to meet the arc 
described from a with radius am in M. NaM will be the 
required projection of the given angle. 

Exercises on Chapter I. 

1. The point A is 1" above the horizontal and 1".5 in 
front of the vertical. The point B is 0".5 above the hori- 
zontal and 0".5 in front of the vertical. The projecting 
planes containing the points are 1" apart, (a) Represent 
the projections of the points. (6) Find the distance between 
the points, (c) Find the angles which AB makes with the 
projection planes, (d) Find the traces of the line, (c) Find 
the true distance between the traces. 

2. ofe, the plan of a line, makes an angle of 30° with XY 
and is 2" in length. The point B is in the H.P., and the 
point A is in the V.P. 1".5 above the H.P. (a) Find the 
plan and elevation of the line. (6) Find the length of the 
line and the angles which it makes with the projection 
planes. 
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3. The elevation a'V of a line is inclined at 45° to XY 
and is 2" long, a' is 1" above XY and V is also above 
XY. A is i" in front and B 2" behind the V.P. Find 
the plan and elevation of the line and the distance between 
its traces. 

4. A horizontal line 3" long is IJ" above the H.P. One 
end of the line is in the V.P. and the other end is 1" in front 
of it. Find the projections of the line. 

5. What is the true length of a line the plan of which 
measures 1".5 when the line is inclined at 25° to the hori- 
zontal? 

6. A line 3" long has a plan 1".5 in length. Find the 
inclination of the line to the horizontal. 

7. Find the projections of a line which is inclined at 45° 
to the horizontal and 30° to the vertical, the lower end of 
which is at a point 0".5 from both planes of projection. 
Represent the four positions of the line which fulfil these 
conditions. 

8. The horizontal projection abc of a triangle ABC is 
an equilateral triangle, and ac is inclined to XY at 45°; a'c^ 
is horizontal and a'6' is inclined to XY at 30°. Find the 
angles of the triangle. 

9. Find the projection of an angle of 75° when the sides 
containing it make angles of 15° and 30° with the H.P.; 
(d) when the side inclined at 15° is in the V.P. ; Q)) when 
the side inclined at 30° is in the V.P. 

10. Find the plan of a line 2" long, when the line is in- 
cUned at 30° to the H.P., and both projections are perpen- 
dicular to XY. The end of the line nearest XY is 0".5 above 
the H.P. and 0".25 in front of the V.P. (a) Find the traces 
of the line. 
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A PLANE is a surface such that any two points being taken 
in it the straight line joining them lies wholly in the surface. 
A plane may be represented by its traces or, when of finite 
dimensions, by its projections. The traces of a plane are the 
straight lines in which the plane meets the projection planes. 
Problem I. — Given the position of a plane figure, to 
determine its projections. 

This is merely an extension of Problem III, Chapter I, 
in which it was required to determine the projections of a 
line, its position being given. 

Example 1, — ^A rectangle ABCD, when its plane is per- 
pendicular to and one edge paral- 
lel with the V.P. (Fig. 17.) 

Let the rectangle be at the 
distance D above the horizontal, 
and the nearer edge the same 
distance from the vertical, and. let 
the longer edge AB be parallel to 
P the vertical. Draw ab, a'Vy repre- 
senting the plan and elevation of 
AB at the distance D from XY. 
Since t}ie rectangular plane is parallel to the horizontal, 
its plan is equal to it in every respect. The rectangle 
dbcd constructed upon the side db is, therefore, the required 
plan, and since the plane is perpendicular to the vertical, 
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its elevation is the line a'6'. This line might also be de- 
scribed as dV, since it is the elevation of DC as well as 
AB. 

Example 2. — A rectangle ABCD, when it is perpendicular 
to both projection planes. (Fig. 18.) 

Here the projections on both planes are lines. Let the 
shorter fedge be parallel to the horizontal. Then the plan of 
the plane is a line oft, equal in length 
to the side AB, and perpendicular to 
XY, and the elevation is a line a'df 
equal in length to AD. The plane is 
represented as having its shorter edge 
in the horizontal. 

Example S, — ^A rectangle ABCD, 
when it is perpendicular to the verti- 
cal, but incUned to the horizontal at 
60°. (Fig. 18.) 

The required projections may con- 
veniently be derived from those in the previous example. 
Imagine the plane to be tmned about the edge ob until it is 
inclined at the required angle. The angle between the plane 
and the horizontal is the same as*the angle between the ele- 
vation (the Une a'ld'i) and XY, since the plane remains 
perpendicular to the vertical. Let the elevation, there- 
fore, be turned about a'l imtil it makes an angle of 60° 
with XY, and from d!\ drop a perpendicular meeting the 
lines drawn from 6i and a\ parallel to XY in ci and di. The 
rectangle aifeiCidi is the required plan. The lines AB and 
CD, being parallel to the horizontal, have projections aihi 
and Cidi equal to them, but AD and BC, being inclined to the 
horizontal, have foreshortened plans. The plane, being still 
perpendicular to the vertical, is represented there by a Une 
equal in length to the sides which are parallel to that plane. 



Fig. 18. 
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Example 4- — A rectangle ABCD, making an angle of 6(P 
with the horizontal, when one edge is parallel to the horizontal, 
but at an angle of 45*^ with XY. (Fig. 19.) 

Let the shorter edge be parallel to the horizontal. First 
draw the projections when the plane is incUned at 60° as 



d'_^ dl 




Fig. 19. 



required, but perpendicular to 
the V.P., as in Example 3. The 
plan abed thus obtained is of the 
form required, but its position 
with reference to XY is to be 
changed so that ab shall make 
the required angle of 45° with 
XY. Copy the plan as in the 
second part of the figure: the 
plan ai6i of the horizontal edge 
AB being at the required angle 
of 45° with XY. The formeif 
elevation a'd' now gives the altitudes of the several angles, 
and from it and the plan aibiCidi in its proper position the 
required elevation is obtained. Draw perpendiculars to XY 
from ai, 6i, Ci, and di to meet horizontals from a' and d'; 
a\Vi&id\ is the required vertical projection. 

Another Method. — ^The projection may be more quickly 
foimd by the second method of Ex. 5, Prob. Ill, Chap. I. 
(Fig. 20.) 

First find the projections when the plane is perpen- 
dicular to the V.P., as in Ex. 3. Then draw XiYi at 45° 
to ab (the angle which the side AB is required to make with 
the V.P. or with the Une XY), and erect perpendiculars 
from a, 6, c, and d to XiYi. Measure the altitude of cT 
above XY and draw the horizontal line c\d\ at the same dis- 
tance above XiYi. a'lb'ic'id'i is the required vertical pro- 
jection. 
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Example 6. — A rectangle ABCD, when one side is inclined 
at any given angles to the projection planes. (Fig. 21.) 
Let AD, one of the longer sides, be inclined at 45® to the 




Fig. 20. 



horizontal and 30° to the vertical, and let th)B other side be^ 
parallel to the H.P. By the method of Prob. Ill, Chap. I, 
Fig. 9, find the projections of AD in ad and a'd'. A separate 




Fig. 21. 



construction is given for this in the figure and ad, a'd*^ 
drawn parallel to the projections obtained. Since AB 
is perpendicular to AD and parallel to the horizontal, 
its projection oft is perpendicular to od. Draw oft and 
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make it equal to AB. The completed rectangle abed is the 
required plan, and since the lines AB, DC are horizontal, 
their vertical projections are also horizontal. Draw also per- 
pendiculars to XY from b and c to meet horizontals from a' 
and d', to complete the vertical projection a'6'c'd'. 

Problem II. — Given the projections of any plane figure 
ABC, to determine the traces of the plane containing it. 
(Fig. 22.) 




Fig. 22. 

By the method of Prob. V, Chap. I, find the vertical trace 
M and the horizontal trace N of the line AB. Similarly, find 
the traces P and Q of the hne AC. The points N and Q, 
being both in the plane of ABC and in the H.P., are in the 
horizontal trace of the plane, and NQL is that trace. For 
similar reasons, PML is the vertical trace of the plane. If 
the traces of BC be obtained, they will also be found to Ue on 
the lines NL, PL. 

Since, in general, any three planes cutting each other must 
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meet in a point, the horizontal and vertical traces of a plane 
must always meet on XY. 

Pkoblem III. — Given the projections of any plane figure 
ABC, to determine its true form. (Fig. 23.) 




This problem may be solved by the method of Prob. IV, 
Chap. I, by determining the lengths of the sides and of such 
diagonals as are necessary (in the case of polygons) to fix the 
figure, and hence constructing the figure. Or it may be de- 
termined by finding the traces of the containing plane as in 
Prob. II, and swinging this plane about one of its traces into 
the corresponding projection plane. This is called rabatment. 
Find the horizontal trace LN of the plane containing ABC, and 
imagine the plane to be swung about LN backwards into the 
horizontal. As the plane swings around the trace each point 
in the plane, as A, B, and C, describes a circle about LN, per- 
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pendicular to the H.P. Hence the projection of the locus of 
each point is a straight line perpendicular to LN and the 
rabatted positions of the points are somewhere in these per- 
pendiculars. Through a, 6, and c draw perpendiculars dsAi, 
crCif and btBi to LN. The point A is vertically over a, and 
Aa makes with as a right angle; Aas is, therefore, a right- 
angled triangle of which the sides as and Aa = a'm are known 
and the hypotenuse As may be foimd. Construct the tri- 
angle by drawing aa^ at right angles to as and making aai = 
ma^. sai is the required hypotenuse. MakesAi=sai. Ai 
is the rabatment of A. Now produce ab and ac to meet LN 
in u and v. As the plane is swimg round, these points do 
not move, and the lines vAi, uAi are the rabatments of the 
lines Av and Aw, and hence the points B and C are in these 
lines and are at Bi and Ci, where the perpendiculars from & 
and c meet the Unes. The points Bi and Ci might have been 
found by the same method as Ai. Where the intersection is 
acute, as in Ci, a second determination of its position may be 
desirable, and may usually be made by producing another 
line, such as 6c, to a point w in the horizontal trace and joining 
Bity, which, being the rabatted position of Bw, also contains C. 

The construction may with equal facility be made by 
rabatting about LM into the vertical. 

Problem IV. — Given the projections of two lines which 
do not meet, to find the traces of the plane containing one 
of them and being parallel to the other. (Fig. 24.) 

A line is parallel to a plane when it is parallel to any Une 
in the plane. 

Let AB and MN be the lines. Take any point in AB, 
and through o and o' draw lines parallel to mn and m'n^; 
these being the projections of a line parallel to MN and 
meeting AB in 0. Find the traces of this line in S and T 
and find the traces of AB in P and Q. PT will mark the 
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horizontal trace and SQ the vertical trace of a plane con- 
taining AB and being parallel to MN. These traces will be 
found to meet in XY in L. 




Fig. 24. 

Pkoblem V. — To determine a plane which shall be 
parallel to a given plane and contain a given point. (Fig. 25.) 

Planes which are parallel have their traces parallel. 

Let P be the point and MLN the given plane. Through 
P draw a horizontal line PQ parallel to LN, the horizontal 
trace of the plane. The line PQ will be parallel to the 
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given plane since it is parallel to a line LN in it, and will 
therefore be a line in the required plane. Its trace Q is 
in the vertical trace of the required plane. Through Q 
draw QR parallel to ML, and through R draw RS parallel 
to LN. QRS will be the traces of the required plane. 




Fig. 25. 

The required plane may of course be found by drawing 
through the given point a line parallel to any assumed line 
in the plane and drawing through the traces of the parallel 
line thus found the traces of the required parallel plane. It 
is convenient to use LN as above, or ML, for this purpose. 

Problem VI. — To find the point in whi.ch a giyen line 
meets a given plane. (Fig. 26.) 

Let MLN be the given plane and AB the given line. 
The method is to take any plane containing the line and 
find the line in which this plane meets the given plane. 
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The point of meeting of this found line and the given line 
will be the required point. A line will be contained by any 
plane the traces of which contain the traces of the line, 
and the line of intersection of any two planes is the line 
joining the points of meeting of the traces of the two planes 
in the H.P. and V.P. respectively, which points are also 




Fig. 26. 

the traces of the line of intersection. In special cases, 
where the traces are all parallel or all converge to a common 
point in the XY Une, a third plane will be required to find 
points in the line of intersection of two planes. 

For convenience take a vertical plane containing tjie 
line. The horizontal trace of this plane will coincide; with 
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the plan of the line ba. Draw the vertical trace oD. Now 
find the line of intersection of the two planes which meet 
in the H.P. in C and in the V.P. in D. The plan of CD will 
be Ca and its elevation c'D, and this line will be met by 
the given line in which is the required point. 

Problem VII. — To measure the perpendicular distance 
between a point and a plane. (Fig. 27.) 




Fig. 27. 

Let P be the given point and MLN the given plane. 
From p and p' drop perpendiculars on the traces of the 
plane MLN. These will represent the projections of a 
line perpendicular to the plane. (When a line is perpen- 
dicular to a plane the traces of the plane are perpendicular 
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to the projections of the line.) Find the point of meeting 
between the line and the plane (Prob. VI, Fig. 26) in 0. 
The length of PO is the required distance and is to be found 
by the method of Prob. IV, Chap. I, Fig. 10. 

Cor. — If it be required to find a plane at a given dis- 
tance from the given plane, this distance is to be measured 
from along OP and a plane drawn through the point thus 
foimd parallel to the given plane (Prob. V, Fig. 25). 

Problem VIII. — ^To find a plane which shall be perpen- 
dicular to a given line and pass through a given point. 
(Fig. 28.) 




Fia. 28. 



Let AB be the given line and P the given point. Draw 
any plane MLN perpendicular to the given line by drawing 
traces perpendicular to the projections of the line. Through 
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the point P draw the required plane RTS (Prob. V, Fig. 25) 
parallel to the plane MLN. 

Cor. — If it be required to find the perpendicular from P 
on the line AB, determine the point of meeting of the line 
AB with the plane RTS (Prob. VI, Fig. 26) and join this 
point to the point P. This will be the required perpen- 
dicular. 

Problem IX. — Given the traces of any plane to find 
the angles which the plane makes with the projection planes. 
(Fig. 29.) 

[The angle between any two planes is the angle between 
the intersection lines caused by a plane drawn at right 

L 




Fig. 29. 
angles to the line of meeting of the two planes. This is 
called the dihedral angle.] 

Let LMN be the traces of the plane. Draw OP perpen- 
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dicular to MN, and PQ perpendicular to XY. OPQ repre- 
sents a plane perpendicular to NM and therefore to both 
the H.P. and the given plane LMN. Construct the right- 
angled triangle o'PQ by swinging OP on to XY. QoT 
is the inclination of LMN to the H.P., and similarly the 
inclination to the V.P. is found in Rs'T. 

Problem X. — To find a plane which shall make given 
angles with the projection planes. (Fig. 30.) 




Fig. 30. 



Take the complements of the given angles and project 
a Une (Prob. Ill, Chap. I, Fig. 9) to make these complemental 
angles with the projection planes. The required plane will 
be perpendicular to the line so found, and traces drawn at 
right angles to the projections of the line will represent 
the required plane. If it be required to draw the plane 
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through a given point, a plane parallel to that found as 
above may be so drawn by Prob. V, Fig. 25. 

Let a plane be required which shall make angles of 60° 
and 50° with H.P. and V.P. respectively, and pass through 
a given point P. Draw a line AB to make an angle of 30° 
with the H.P. and an angle of 40° with the V.P. Through 
P draw a horizontal line perpendicular to AB, and through 
its trace M draw the vertical trace of the required plane, 
which will be perpendicular to A6', and through L draw the 
horizontal trace LN perpendicular to A6. 

Problem XI. — Given the rabatted position of a point 
and the traces of a plane, to find the projections of the 
point when it is raised into the plane. (Fig. 31.) 




Fig. 31. 



Let the point Pi be in the H.P., and let MLN be the 
plane into which it is to be raised. Through Pi pass the 
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vertical plane PimM at right angles to LN. As Pi revolves 
about LN it will lie in this vertical plane and the locus of its 
horizontal projection will be PiSm. The vertical plane will 
meet the given plane in SM, which is the hypotenuse of a 
right-angled triangle with sides Sm and Mm. Swing this 
triangle about Mm into the vertical and make Sip\ equal 
to SPi. Drop a perpendicular on XY from p'l and transfer 
the point so found to p, which will be the plan of the point 
in the plane. The vertical projection p' will be foimd by- 
drawing a horizontal line from p\ to meet a perpendicular 
line from p. p' must also he in S'M, the vertical projection 
of the line of intersection of the two planes of which Sm is 
the horizontal projection. 

A similar construction might have been made by rabatting 
the triangle about Sm into the H.P. and measuring a dis- 
tance along the hypotenuse from S equal to SPi, as sai in 
Fig. 23. 

Problem XII. — To measure the angles between any two 
intersecting planes. (Fig. 32.) (Prob. IX, where one of the 
planes, is a projection plane, is a special case of this.) 

Let LMN, LON be the two planes intersecting in NL, 
Draw rst to represent the horizontal trace of a plane cutting 
NL at right angles. It is required to find the length of 
the perpendicular from s on NL the line of meeting of the 
two planes, in order to determine the intersection alines 
between the cutting plane of which rst is the trace and 
the given planes. Rabat the vertical plane containing NL 
into the V.P. about LZ. NL will be represented by NiL, and 
3 by Si. Drop a perpendicular Siki from Si on NiL. Now 
rabat the cutting-plane about tr into the horizontal, making 
sk2 equal to Siki, Join k2t and k2r. The required angles 
are tk2r and its exterior angle. 

Cob. I. — To divide the angles between two planes into 
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any number of parts. For example, to bisect the angles 
between the given planes. — Bisect the angle tk2r and its 
supplement, and produce the bisecting lines to u and v. 
The traces NRL and vN-LQ represent the bisecting planes. 
Problem XIII. — Given a plane and a line in the plane, 
to draw a plane through the line to make a given angle with 
the given plane. (Fig. 32.) 




Fig. 32. 



Let LMN be the given plane, and LN a line in it. As in 
Prob. XII, draw rst to represent the horizontal trace of a 
plane perpendicular to LN. Rabat this Une into the vertical 
and find the length of the perpendicular on it from s, viz., 
siki. Make sk2 equal to SiA;i and join tk2, representing a 
rabatment of the line of section between the perpendicular 
cutting plane and the given plane. At k2 make tk2r equal to 
the angle which the required plane is to make with the given 
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plane. Join Nr and produce it to form the horizontal trace 
NO of the required plane NOL. 

Problem XIV. — To find the angle between a given line 
and a given plane, i.e., the angle between the line and its 
projection on the given inclined plane. (Fig. 33.) 




Let AB be the given line and MLN the given plane. Take 
any point P in the line and from it drop a perpendicular PS 
on the plane. Now find the angle between AB and PS by 
the method of Prob. VII, Chap. I. This angle ApiQ is the 
complement of the angle between the Mne and the plane, 
and a = (90^— ApiQ) is therefore the required angle. 

Problem XV. — To draw a line from a given point to 
make a given angle with a given line. (Fig. 34.) 
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Let AB be the given line and P the given point. Find 
by Prob. IV, Chap. II, a trace LN of the plane containing 
the line and the point. By Prob. Ill, Chap. 11, rabat the 







p>^ 



^^ 






\A, 



Fig. 34. 



point P to Pi and the line AB into the H.P. in BAx. Through 
Pi draw a Une PiQi to make the required angle with BAi. 
By Prob, XI, Chap. II, find the projections corresponding 
to Qi in g' and g. Join pg and pY giving the projections 
of PQ, which is the required line. 

Problem XVI. — To find the projection of any figure of 
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which the plane of the figure and one of its edges are mclined 
at given angles to the projection plane. (Fig. 35.) 




Fig. 35, 

Let the figure be an equilateral triangle and let its plane 
be perpendicular to the V.P. Take the plane MLN at the 
required angle to the H.P. Take any point P in ML and 
from it draw a line PO, making the angle with XY which one 
side of the triangle is to make with the H.P. Make pS equal 
to pO. pS will represent the plan of a line in the plane and 
at the required angle to the H.P. Rabat this Une into the 
H.P. in piS, and on it construct the equilateral triangle ai&iCi. 
From this find the plan abc of the triangle. 

K the plane of the figure is also to be incUned to the V.P., 
a new position of the XY line may now be taken and an 



38 



ELEMENTARY DESCRIPTIVE GEOMETRY. 



elevation derived from the plan abc and the corresponding 
elevations of the points; or, the plane MLN may at once be 
put in the required position with reference to the projection 
planes, and the position of the line being determined as above, 
it may be rabatted and the plan and elevation found as in 
Prob. XI. The position of XY with reference to the traces 
is to be determined by Prob. X, when the inclinations of the 
plane to both planes of projection are given. 



n K^ — n 




Fig. 36. 



Problem XVII. — ^To find the projections of any plane 
figure when the altitudes of two points in it and the inclina- 
tion of its plane are given. (Fig. 36.) 
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Let the plane MLN be perpendicular to the V.P. and 
incUned to the H.P. at the given angle. Let m and n repre- 
sent the altitudes of the angles of a square which it is required 
to project. If m and n are contained by horizontal planes, 
these planes will intersect the plane MLN along lines parallel 
to LN. Rabat these into the H.P. in mim2 and nin2. Take 
any point ai in one of these lines and layoff aibi so that 61 
shall be in the other line. Construct the square aibiCidi 
and find its plan abed when put into the plane MLN. 

The elevation on any vertical plane may be found 
by making the necessary change in the position of 
XY. 

Problem XVIII. — To find the projections of any plane 
figure when the altitudes of any three points in it are given. 
(Fig. 37.) 

Let the altitudes of three adjacent angles, A, B, C, of a pen- 
tagon be m, n, and 0, respectively. Construct the pentagon 
A'B'C'D'E' and mark off the distances AB=A'B' and 
Ac'i=A'C', and, the inclinations of the lines AB and AC 
being thus obtained, find the projection of the angle CAB 
as in Prob. VIII. Now rabat AB (Prob. Ill) into the H.P. 
in AiBi and on it construct the pentagon AiBiCiDiEi -Ci 
will correspond with the rabatted position of C, From the 
rabatted figure find the horizontal projection abcde. The 
vertical projections of A, B, and C are known and the ver- 
tical projections of the remaining points may be readily de- 
termined from the plan and horizontal trace, as in the figure, 
by producing the plan of a side or diagonal to the trace, 
finding the corresponding elevation of the produced side and 
hence the elevation of the required point in it. For example 
the elevation of the point D is found by producing BiDi 
or bd to meet the horizontal trace LM in G. The elevation 
of G is / on XY and Bg^ is the elevation of the line BG. 
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Problem. XIX — Given the projections of any plane 




figure ABC and one projection eld' of a line ED in that 
plane, to determine the other projection. (Fig. 38.) 
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Fig. 38. 



The vertical projection of the point of meeting of AB 
and DE is m'. The plan of 
this point must lie in abj and 
is, therefore, at m where the 
perpendicular to XY through 
m' meets ab. Similarly, the 
point of meeting of BC and 
DE which has its elevation in 
n' must have its plan at n in be. 
m and n are, therefore, two 
points on the plan of the line 
ED. 

Where two lines meet, the 
line joining the intersection of 
the plans to the intersection of 
their elevations must be perpendicular to XY. 

Problem XX. — To determine the projections of a circle 
when its position is given. (Fig. 39.) 

Projections of circles are determined by fixing the pro- 
jections of points in their circimiferences and drawing free- 
hand curves through the points thus projected. The pro- 
jections of circles are, in general, ellipses. 

Let it be required to find the projections of a circle when 
its plane is inclined to the horizontal at 60°, and is perpen- 
dicular to the vertical. Place the circle first in a horizontal 
position and divide the circumference equally in aefdj etc. 
The vertical projection is a line a'V equal to the diameter; 
find in it the elevations of the several points. Now swing 
the elevation into the second position of the figure, inclined 
at 60° to XY. This represents the elevation in the required 
position, since the circle is still perpendicular to the vertical. 
By dropping perpendiculars from the several points in the 
vertical projection to meet lines parallel to XY, drawn 
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through the corresponding points in the first plan, the plans 
of the several points in the new position are found. Draw 
a free-hand curve through the points thus obtained. 

If it is required to find an elevation on a plane which is 
not perpendicular to the plane of the circle, a new XY may be 



Fig 39 

drawn, and the required elevation obtained by the method of 
Prob, III, Chap. I. (Fig. 8.) This drawing is obtained in Fig. 
39, on a V.P. making an angle of 30° with its first por- 
tion. The construction may be readily followed by reference 
to the method employed in Fig. 8 or Fig. 20. 

Exercises on Chapter II. 

1. Find the plan and elevation of a square of 1" side, 
(a) when in the horizontal with a diagonal perpendicular 
to the V,P.; (b) when its plane is perpendicular to the V.P., 
but inclined to the H.P. at 60° and one angle is in the H.P. ; 
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(c) when its plane is inclined at 60° to the H.P. and a diagonal 
which is horizontal makes 45° mth the V.P. 

2. Construct plans and elevations of a pentagon in each 
of the positions described in a, 6, and c, Ex. 1. 

3. Find the plan and elevation of a square of 1".5 side 
when one of its diagonals is at 30° to the V.P. and 45° to 
the H.P., and the other diagonal is parallel to the H.P. 

4. Find the traces of the plane containing the square in 
Exercise 3. 

5. Find the plan of a circle of 1".75 diameter when its 
surface is inclined to the horizontal at 45°, and find the 
vertical projection on a plane making an angle of 30° with 
the horizontal diameter of the circle. 

6. Three points form, in plan, the angles of an equilateral 
triangle abc of 1''.5 side. The heights of the points A, B, 
and C above the H.P. are respectively O''. 5, 1".0, and V\2o. 
Find the vertical projection and the true form of the triangle 
(a) when BC makes an angle of 30° with XY; (b) when ho 
makes an angle of 45° with XY; (c) when ai is parallel 
toXY. 

7. The plan of an ellipse is a circle of 2" diameter on the 
H.P. One end of the major axis touches the H.P. and the 
other extremity of the major axis is 1".0 above the H.P. 
Find the ellipse. 

8. Find a plane parallel to the plane in Exercise 4 and 
at a distance of 1" from it. 

9. F nd the projections of the four lines which pass through 
a point 1" in front of the V.P. and 1".5 above the H.P. and 
which are inclined at 40° to the H.P. and 30° to the V.P. 
(a) Find the traces of the four planes which are perpendicular 
to these lines and which pass through the given point. Draw 
each case as a separate problem. 

10. Measure the angles which each of the four planes in 
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Ex. 9 makes with the projection planes. (They should be 
at 50^ to the H.P. and 60° to the V.P.) 

11. Measure the angles between each of the adjacent 
pairs of planes in Ex. 9. 

12. Let a line be inclined at 30° to the H.P. and lie in a 
plane which is at 45° to the H.P. and perpendicular to the 
V.P. Find the two planes which contain the line and make 
angles of 60° with the plane. 

13. Let the plane in Ex. 12 be inclined at 45° to the H.P. 
and 60° to the V.P., and contain the line at 30° to the H.P. 
Find the two planes containing the line and making angles 
of 60° with the given plane. 

14. Find the angles which the line in Ex. 13 makes with 
a plane inclined at 45° to the H.P. and perpendicular to the 
V.P. 

15. From one of the angles A of the triangle in Ex. 6 
draw a line to meet BC at an angle of 46° in each of the 
cases a, 6, c, 

16. Draw the plan of an equilateral triangle of 2 ' side 
when one side is parallel to the V.P. and at 30° to the H.P., 
and another side is at 45° to the H.P. (a) Knd the eleva- 
tion of the triangle on a plane making an angle of 30° with 
the side which is inclined to the H.P. at 30°. 

17. Find the traces of the plane in Ex. 16a and measure 
the angle between the traces. 

18. Draw the plan of a hexagon of -1" side when three 
consecutive angles are at elevations of 2", IJ", and 1", re- 
spectively, above the H.P. (a) Find the elevation on a plane 
containing one side of the figure. 



CHAPTER III. 



SOLIDS. 



The projection of solids may be regarded as the projection 
of the plane faces which form the outer surfaces of the solids. 
These plane faces are represented by Unes, and the Unes by 
the points which are their extremities. These extremities of 
lines are at the trihedral angles of the solids, so that the pro- 
jection of solids is really only the projection of a series of 
points. 

Definitigns. — A solid has length, breadth, and thickness 
and is completely bounded by surfaces which may be plane 
or curved. Those which are bounded by plane faces are poly- 
hedrons. 

When the faces are all equal and the angles between any 
two adjacent faces are the same, the solid is a regular poly- 
hedron. 

There are five regular polyhedrons, as follows : 

The Tetrahedron has four equilateral triangular faces. 

The Cube has six square faces. 
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The Octahedron has eight equilateral triangular faces. 



lOOSAKEDRON 



OCTAHEDRON 





The Dodecahedron has twelve regular pentagonal faces. 



DODECAHEDRON 




The Icosahedron has twenty equilateral triangular faces. 

The surfaces of all these solids can be unfolded or devel- 
oped into flat surfaces, and hence from fiat surfaces models 
of them can be made. The developments are represented in 
the above diagrams. These developed surfaces should be 
accurately drawn on an enlarged scale, and the soUds formed 
from them. Somewhat stiff drawing-paper should be used. 
In the developments, margins are left on some of the sides for 
fastening. After the pattern is cut out mucilage should be 
put on the margins and allowed to dry. To form the solids. 
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bend the paper along the edges and damp the gum on the 
margins to fasten them. The paper will bend more read- 
ily if a sharp knife, guided by a straight-edge, h^ been 
run along the lines, cutting about half-way through the 
paper. 

A prism has ends or bases which are parallel to each other, 
and has parallelograms for sides. 

The axis of a prism is the straight line joining the centres 
of the ends. 

A right prism has its ends perpendicular to its axis, and 
an oblique prism has its axis inclined at any angle to its ends. 

The altitude of a prism is the length of the perpendicular 
Une drawn between its ends. 

A pyramid has a polygon for its base, and its sides are 
triangles having a common vertex or apex. 

The axis of a pyramid is the line joining its apex to the 
centre of its base. 

A right pyramid has its axis perpendicular to its base, and 
an oblique pyramid has its axis obUque to its base. 

The altitude of a pjramid is the perpendicular distance 
between its apex and its base. 

If a prism has the number of its sides increased to infinity, 
the outUne of the base becomes a curve, and the solid is called 
a cylinder. 

A circular cylinder is one of which any section at right 
angles to the axis is a circle, and a right circular cylinder has 
circular ends at right angles to its axis. A right circular 
cylinder may also be defined as a solid marked out by a rect- 
angle revolving about one of its edges. 

A cone bears the same relation to a pyramid that a cylin- 
der does to a prism. 

A circular cone is one of which any section at right angles 
to its axis is a circle, and a right circular cone has its base per- 
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pendicular to its axis. The latter may also be formed by a 
right-angled triangle revolving about one of the sides contain- 
ing the right angle. 

A sphere is described when a semicircle revolves about 
its diameter. 

The cylinder^ cone, and sphere belong to the class called 
surfaces of revolution, which are considered under curved sur- 
faces in Chapter IV. 

Problem I. — To find the projections of a cube when one 
face is in the H.P. and the vertical faces make any given 
angles with the V.P. (Fig. 40.) 

Let the angles which the vertical faces make with the 

V.P. be 30° and 60°. Since the 
four faces are vertical the plan 
will be a square. Draw the 
square abed, ab and be being at 
the required angles of 60° and 
■V 30° with the vertical. Let the 
side ABCD be in the horizontal. 
Its vertical projection is a'Vdd' 
in XY. From these points 
erect perpendiculars a'e', Vf, 
dh'j d^gf, each equal to the 
length of a side of the cube, to 
meet the horizontal line efN 
representing the upper surface of the cube EFGH. 

Problem II. — To find the projections of a cube when one 
edge which is in the H.P. makes a given angle with the 
V.P., and two parallel faces make a given angle with the H.P. 
(Fig. 41.) 

Let the edge in the horizontal make an angle of 30° with 
the V.P., and two faces make 60° with the H.P. 

First place the cube with the faces inclined at the required 




Fig. 40. 
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angle to the horizontal, but perpendicular to the vertical. 
Draw the elevation a'Vddf, and from it obtain the plan 
hfhd in a manner precisely similar to the last problem; the 
elevation now taking the place of the plan, and vice versa. 
Now take a new position for the V.P., i.e., change the 
position of XY so that the V.P. makes the required angle 
of 30° with AE or ae. From the several points in the plan 




Fig. 41. 



erect perpendiculars to XiYi and on these perpendiculars 
measure, from the former elevation a'6'c'd', the altitudes of 
the several angles above the horizontal. Thus to find the 
new elevation of the point D make the distance mid'i =md'. 
The point A being in the horizontal has its elevation at a\ 
in XiYi; the elevation of B is found by making h\oi=-Vo 
and similarly for the point C. Joining these, the elevation 
of the face ABCD is obtained in a'lb'ic'id'i and the eleva- 
tions of the other faces are obtained in a similar manner. 
Problem III. — To project a cube when one edge is 
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inclined at any given angles to the projection planes and 
any given line in one face is horizontal. (Fig. 42.) 

Let the given angles be 45° with the H.P., and 30° with 
the V.P., and let the diagonal BC be horizontal. First find 
the angles a and /? which the projections of a line, equal 
in length to one of the sides of the square, at 45° to the 
H.P. and 30° to the V.P. make with XY by the method of 
Prob. Ill, Ex. 6, Chap. I. By the method of the previous 




Fig. 42. 

problem, or more simply in this case, find directly the pro- 
jections of the cube when one edge AE is inclined at 45° 
to the horizontal and the diagonal BC is perpendicular to 
the V.P. and, therefore, horizontal. Draw in the H.P. a 
square AiBiCiDi representing one face of the cube, and 
having the diagonal BiCi perpendicular to XY. Draw 
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a'd' equal to the diagonal of one face and bisect it in c', 
drop perpendicular lines from a', c', and d', and draw lines 
through Ai, Ci, and Bi parallel to XY, meeting the former 
in a, bj c, and d. Join oft, bd, dc, ca to form the plan of the 
face ABCD, of which a'c^d' is the elevation. Erect a'e', 
c'/i', and d'gr' perpendicular to a'd' (each equal to an edge of 
the cube), and join e'gr' to complete the elevation in this 
position, from which the remainder of the plan is readily 
completed. The length of ae, the plan of AE, will be found 
to equal the length of the plan of that line already obtained. 
Now take a new position of the V.P., so that the XiYi 
makes with ae the angle /?, and from the plan and the altitudes 
of the several angles in the former elevation obtain a new 
elevation a'lb'ic'i, etc., in the same manner as in the previous, 
problem. a\e\ will be found to make an angle with XiYi 
equal to a. 

Problem IV. — ^To project a cube when one of its faces is 
incUned to the H.P. at a given angle and an edge of that 
face is also inclined at a given angle. (Fig. 43.) 

Let one face be inclined at 30° and an edge at 15°. By 
the method of Prob. XVI, Chap. II, obtain the projection 
of the face ahcd in the plane MLN inclined at 30° to the 
H.P. and having ad inclined at 15°. From the vertical 
projections (^Vdd* in ML erect the perpendiculars a'a'i, 
6'6'i, c'c'i, d'd'i, to the plane MLN and make them equal 
to the edges of the cube a6, 6c, etc. These will be the ver- 
tical projections of edges of the cube, and d\a\d^\ will 
represent the vertical projection of one face. From the 
vertical projection of the cube thus obtained and the plan 
of the face ABCD complete the plan of the cube. A pro- 
jection on any other vertical plane may be obtained by 
the usual process of taking a new position for XY. 

Problem V. — To project a cube when one of its faces 
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is inclined to the H.P. at a given angle and two of the angles 
of that face are at given altitudes with reference to the 
H.P. 




Fig. 43. 

Project one face as in Prob. XVII, Chap. II, and from 
that complete the projection of the cube as in Prob. IV, 
Chap. III. 

Problem VI. — To project a cube when the altitudes of 
any three angles of one face with reference to the H.P. are 
given. 
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Project one face of the cube as in Prob. XVIII, Chap. II, 
and complete the projection as in the following problem. 

Problem VII. — To project a cube when the incUnations 
of two adjacent edges to the H.P. are given. (Fig. 44.) 




Fig. 44. 

Let the two edges be inclined at 45° and SOP respectively. 
By the method of Prob. VIII, Chap. I, find the plan of one 
face in abed and find its elevation in o!Vdd'. The edges of 
the cube which are perpendicular to the face ABCD have 
their plans perpendicular to the trace LM and their eleva- 
tions perpendicular to the trace La'. Measure the projec- 
tions of the length of one side in a'a'i and oai (Prob. VI, 
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Chap. I), and complete the projections of the cube. (The 
vertical projection is not completed in the figure.) In this 
case it is not necessary to rabat the plane in order to draw the 
plan. Where the figure is one with a large number of sides 
it may be necessary to do so as in Prob. XVIII, Chap. II. 

Problem VIII. — To find the projections of a hexagonal 
prism when the axis is parallel to the vertical, but inclined 
to the horizontal at a given angle, and an edge of an end is 
in the horizontal. (Fig. 45.) 

Let the axis be inclined to the horizontal at 45°. As a 
matter of convenience first draw the projections of the prism 

when resting on its base with 
two faces perpendicular to the 
vertical. Now draw the verti- 
cal projection with the axis in- 
clined to XY, and from this 
jy projection and the plan of the 
end obtain the new plan abcdjklg. 
If it were required to find the 
projections with the axis at 45° 
to the V.P. and parallel to the 
H.P., what is represented here 
as plan would, in that case, be 
the elevation and vice versa. 

Problem IX. — To find the projections of a hexagonal 
prism when the axis is inclined to the horizontal at a given 
angle with one edge of an end in the horizontal and at a given 
angle with the V.P. (Fig. 46.) 

Let the inclination to the H.P. be 30° and the inclination 
of the edge to the V.P. be 45°. First find the projections as 
in Prob. VIII, when the axis is inclined to the H.P. at 30°, 
but parallel to the V.P. Then draw XiYi at an angle of 45° 
with the edge e/, which is in the horizontal plane. From the 
several points in the plan erect perpendiculars to XiYi and 




SOLIDS 



55 



obtain the altitudes of the elevations Oi these points by meas- 
urements as in Prob. II from the first found elevation. Thus 
the elevation of a is at a'l at a distance above XiYi equal 




Fig. 46. 



to the distance of a' or d' above XY, and similarly for other 
points. 

Problem X. — To find the projections of a right pentago- 
nal pyramid when one slant face is in the H.P. and the hori- 
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zontal edge of the base is inclined at any angle to XY. (Fig. 
47.) 
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Let the altitude of the pyramid and length of the side of 
the base be given. First, project the pyramid standing on 
its base in the H.P. with one slant face perpendicular to the 
V.P. Then draw the elevation when the same face is in the 
H.P., and from this projection obtain the plan abcdep. Draw 
XiYi at the required angle, say 30°, to the side oft, and, as in 
former problems, obtain the new elevation in the required 
position. 

Problem XI. — To project an oblique octagonal pyramid 
with its base in the H.P. (Fig. 48.) 





Fig. 49. 



Let the base be a regular octagon, and let the axis, the 
length of which is given, be incUned to the base at 45°. 
Place the pyramid so that the plan of the axis is parallel to 
the vertical. Draw the regular octagon which forms the 
base. Find the elevation of the base and its centre. Through 
the elevation o' of the centre of the base draw a line o'p', of 
the given length, at 45° to the horizontal. This will be the 
elevation of the axis. Join p' to the points a'Kg^f to com- 
plete the elevation, and join p to a, 6, c, d, e, /, g, and h to 
complete the plan. 
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Problem XII. — To determine the altitude of any regular 
pyramid when the lengths of the edges are known. (Fig. 49.) 

Let it be required to find the altitude of a tetrahedron 
having a length of edge D. Draw the plan of the tetrahe- 
dron when one face is in the horizontal and an edge parallel 
to XY. In this case the plans of the slant edges bisect the 
angles of the base and BA is, therefore, perpendicular to the 
V.P. The vertical projection of OC is equal to itself. If, 
therefore, from c' an arc equal to oft be described to meet the 
perpendicular from o, the point of meeting o' is the vertical 





Fig. 51. 



projection of the apex, and o'm is the altitude. The point 
o' may also be obtained by describing from a' an arc equal 
to nc to meet the vertical from o or the arc described from 
c'. Similar constructions may be made to obtain the alti- 
tudes of other pyramids, when the lengths of the edges are 
given. 

Another Method (Fig. 50) is to swing a vertical plane 
which contains one slant edge into the horizontal. In the 
tetrahedron, rabat the vertical plane boO about bo into the 
horizontal; oi, the rebatted position of 0, is found by erecting 
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a perpendicular to bo from o and describing an arc coi about 
b to meet the perpendicular in oi, ooi is the required altitude. 

Problem XIII. — To draw the projections of a regular 
octahedron when one of the faces is parallel to the horizontal. 
(Fig. 51.) 

The octahedron may be considered as being composed of 
two square pyramids base to base, having equilateral triangu- 
lar faces. First place the solid so that the common square 
base abed is horizontal and has two of its sides parallel to the 
vertical. In this position two of the three equal axes AC, 
BD are horizontal, and have their horizontal projections 
equal to their true lengths. The third axis OP is vertical, 
and since it is parallel to the V.P. its vertical projection o'p' 
is equal to its true length. Now draw Xi Yi parallel to one 
of the faces ADP, i.e., to the vertical projection a'p' of the 
face, and from this elevation and the plan in the j&rst posi- 
tion obtain the new plan by dropping perpendiculars on Xi Yi 
and measuring distances from it equal to the similar distances 
in the old plan. Thus miai ^ma; Sipi ^^op', etc. The new- 
found plan shows two faces as equilateral triangles since 
these faces are parallel to the H.P. 

Problem XIV. — To project an octahedron when the 
incUnations of two of its solid diagonals are given. (Fig. 
52.) 

Let the edges of the octahedron measure 1" and let the 
diagonals be incUned at 30° and 45°. Construct a square 
of 1" sides and obtain the length of a solid diagonal. Mark 
off one-half this length in Mai, M6i on lines inclined at 30° 
and 45° to the H.P. Project an angle of 90° as in Prob. 
VIII, Chap. I, in anib. Produce am and bm to complete 
the diagonals in d and c, and join the points thus found to 
obtain the projection of the "common base." Through m 
draw the third solid diagonal which is perpendicular to the 
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plane acdb and its projections therefore perpendicular to 
the traces ML, LN. Find the projected lengths m/, me, 
and M^', Me', respectively, the plans and elevations of the 
third solid semi-diagonal lengths, and join the points 6, / and 
c', /' to abed and a'Vddl to complete the plan and elevation 
of the solid. (For the sake of clearness the elevation has 
not been completed in the figure.) 
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Exercises on Chapter III. 

Find the projections of the following: 

1. A sphere 2" in diameter when the centre is 1".5 above 
the H.P. and 1".75 in front of the V.P. 

2. A sphere as above when its centre is T'.S below the 
H.P. and 1".75 in front of the V.P. 

3. A right prism whose ends are hexagons of 1".25 side, 
and whose axis is 3" long, Ues with one side on the horizontal 
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plane. Draw its plan, and give an elevation on a plane 
which makes an angle of 30° with the axis of the prism. 

4. Draw the plan of a cylinder (diam. 2", axis 3") when 
its axis is inclined at 45° to the H.P., and draw an elevation 
when the XY line makes an angle of 40° with the plan of 
the axis. 

5. Draw the plan of an octahedron of 2" edge resting 
with one face on the H.P., and an elevation on a plane not 
parallel to the plan of any edge. 

6. A prism of 1".5 square ends and 3" long rests with an 
edge of an end in the horizontal plane; this edge makes an 
angle of 60° with the ground line, and the lowest long face 
of the prism makes an angle of 30° with the horizontal 
plane. Draw its plan and elevation. 

7. An octagonal prism, 1" side and 3" long, has its ends 
inclined at 60° to the horizontal, and its long edges niaki^ 
angles of 15° with the vertical plane. Draw the plan and 
elevation when an edge of an end lies in the horizontal 
plane. 

8. A pyramid has an equilateral triangular base of 2' 
edge, and the other edges are 3" long. Draw a plan and 
elevation when the axis makes angles of 30° with the vertical 
plane and 45° with the horizontal plane, one edge of the base 
being horizontal. 

9. A hexagonal prism is 3" long, and the greatest width 
of an end is 2". Draw its plan and elevation when one of 
its long faces is at 15° to the horizontal plane, and its axis 
is at 30° to the vertical plane and horizontal. 

10. A right cone has a base 2" in diameter and a 4" 
generating line. Draw its plan and elevation when the base 
is vertical and the axis is inclined at 45° to the vertical 
plane. 

11. Project a right hexagonal pyramid when its base is 
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inclined to the H.P. at 45° and one of the edges of the base 
is inclined at 30°. The altitude of the pyramid is 3" and 
an edge of the base 1". (a) Find the vertical projection 
on a plane of which the XY makes an angle of 45° with the 
edge inclined at 30° to the H.P. 

12. Project a regular tetrahedron of l".5edge when two 
of the angles are at heights of 1" and 1".25 respectively 
above the H.P., and the plane of the base containing the 
angles is at 45° to the H.P. 

13. Project, by the method of Prob. XVIII, Chap. II, a 
regular hexagonal prism 1" side of base and altitude 2', 
when three consecutive angles of an end are at heights of 
r, 1".5, and ^' above the H.P. 

14. Project a regular octahedron of 1" edge when one 
solid diagonal is at 45° and an adjacent edge is at 30° to the 
H.P. 



CHAPTER IV. 

CURVED SURFACES AND TANGENT PLANES. 

Generation of Surfaces. — Geometrical surfaces are gener- 
ated by a line, straight or curved, moving in a definite 
manner. This line is called the generatrix or generating line, 
A line which serves to define or direct the motion of the 
generatrix is called a directrix. 

Surfaces of Revolution. — ^When a fixed curve revolves 
about a straight line as an axis so that all points in the 
curve describe circles, a surface of revolution is formed. 
Thus a semicircle revolving about its diameter describes a 
sphere. The sections of surfaces containing the axis are. 
called meridians and represent the form of the generating 
line. 

Ruled Surfaces are those that are generated by a straight 
line directed in any manner. They are divided into two 
classes, developable and skew or twisted surfaces. 

Developable Surfaces are those which can be unfolded into 
a plane without tearing or crumpUng. The cylinder and 
the cone are examples of this class. 

The hyperboloid of revolution^ which is generated by a 
straight line revolving about an axis not in the same plane 
with it, is an example of a skew surface. 

A screw surface is formed by a straight line moving with 
a uniform velocity along a fixed straight line as axis and 
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making a constant' angle with the axis while it revolves 
uniformly about it. 

A cone is a surface formed when one point in the generat- 
ing line is fixed and that Une is directed by any curved line. 

A right cone is one of which any section perpendicular to 
the axis is a circle. This is also called a cone of revolution. 

A cylinder is a surface generated by a straight line which 
remains parallel to the axis and is directed by any circle. 

A right cylinder is one of which any section perpendic- 
ular to the axis is a circle. This is also called a cylinder of 
revolution, 

A tangent plane at any point is one which touches all 
curved lines passing through the point and a normal to the 
surface at the point is a Une perpendicular to this plane. 

Problem I.— To find the projections of a right cylinder. 

(a) When the cylinder stands on the H.P. This is 
represented on the left of Fig. 53. 

(&) When its axis is incUned at 45° and remains parallel 
to the vertical. This is represented in the central portion 
of Fig. 53. 

It will be found convenient to divide the cylinder into 
twelve equal parts by Unes parallel to the axis, as represented 
in the first position. These equally spaced lines may be 
copied on the second elevation, from the first, or they may 
be obtained directly by means of a semicircle described 
on one diameter. These Unes being obtained, the cyUnder 
is projected as if it were a prism having twelve faces, except 
that the projected points are joined by a free-hand curved 
line instead of straight Unes. The plan in the second posi- 
tion is, therefore, to be derived from its elevation and the 
first-tound plan, in the same manner as in former problems. 

This plan may also be obtained by drawing a new XY 
at 45° to the axis of the first elevation, and from that eleva- 
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tion, and the distance of the first plan from the V.P., 
deriving the new plan by the method of Prob. XIII, Chap. 
Ill, and fonner problems. 

(c) When the axis of the cylinder is at an angle to both 
planes. Let the inclination to the horizontal remain as in 
the second figure. Draw XiYi to make the required angle 
with the plan, so as to place the axis at the given angle to 
the vertical. (See Prob. Ill, Fig. 42,) From the plan in 
second part of the figure and altitudes obtained from its 
elevation, obtain the new elevation, and join the points 




Fig. 53. 

free-hand so as to obtain the required ellipses representing 
the ends of the cylinder. 

The bounding fines representing the sides of the cyUnder 
are drawn tangent to the elfipses. These fines are always 
at a perpendicular distance from each other equal to the 
diameter of the cyUnder. 

Problem II. — ^To project a right cone in any position. 

The methods to be employed for the projection of cones 
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are quite similar to those for cylinders. Tangent lines are 
to be drawn from the projections of the apex to the elUpses 
representing the bases. In Fig. 54 a cone is represented as 




Fig. 54. 

resting on the horizontal, with its axis parallel to the vertical, 
and also with its axis inclined at an angle to the vertical. 
If this angle be assigned, the angle which the axis in this 
position makes with the horizontal is to be measured, and 
the projections of a line making that angle with the H.P. 
and the required angle with the V.P. are to be obtained 
as in Prob. Ill, Fig. 42. The angle which the plan of the 
line so obtained makes with XY is the required angle between 
the plan of the axis and XiYi. 

Problem III. — To draw a tangent plane to a cone. 
(Fig. 55.) 

Let V be the apex of the cone; VR, VS two positions 
of its generator, and rs its horizontal trace. First. let the 
point be on the surface of the cone and let a' be its elevation. 
Draw the elevation of the generator line through A to meet 
XY in 6'. Find a point B in plan corresponding to the 
elevation 6'; Bv is the plan of the generator line passing 
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through A, of which point a is the plan. The plane MLN 
containing t?B and touching the trace in B will be the 
required tangent plane. 




I 



If the point through which the plane is to be drawn is 
external to the surface, as P, join P to the vertex V and find 
the traces of PV in U and T. Through U draw a tangent 
UW to the horizontal trace of the cone. This will be the 
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horizontal trace of a tangent plane of which the vertical 
trace will be WT. A second tangent plane may of course be 
drawn through U touching the H.T. of the cone and con- 
taining T. 

If it be required to draw a tangent plane to a cone parallel 
to a given straight line,. the same construction as the fore- 
going may be employed when a line has been drawn through 
the vertex parallel to the given line. 

Problem IV. — To find a plane which shall contain a given 
line and make a given angle with a projection plane. (Fig. 56.) 

Take any point V in the given line AB and drop a perpen- 
dicular VR on the H.P. Draw v'^' to meet XY at the angle 
a Vhich the plane is to make with the H.P. Let VT be the 
generator line of a right cone and find its circular horizontal 
trace ST. The horizontal trace of the required plane must 
pass through A and touch the circle ST. One such plane 
is represented in ALB. 

If it is required to find a plane which shall contain a 
given line and make a given angle with any plane, the same 
method is to be employed, but the problem becomes more 
difficult for the reason that the inclined planes on which 
the construction is to be made must first be rabatted into 
the projection planes. 

Problem V. — Given one projection of a generator of a 
right cylinder to find the other projection and the traces of 
the plane containing the line and being tangent to the 
cylinder. (Fig. 57.) 

Let obcd be the plan and efgh the elevation of the cylinder, 
when it is parallel to both planes of projection, and let 
m'n' be the elevation of a generator line. Draw LSLi to/ 
represent the trace of a plane perpendicular to both projec- 
tion planes. Rabat this plane about its vertical trace into 
the vertical. The point of meeting of the axis of the cylinder 
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and the cutting plane will be rabatted into gi and the trace 
of the cylinder into the circle pY. Find the point p' in 
which m'vf meets the rabatted trace of the cylinder and 
make qr equal to pVi. mn drawn through r parallel to 
ah or cd will be the plan of MN. Draw a tangent KL 




Fig. 56. 



to the circle at p'. Make SLi equal to SK. LM and LiN 
drawn parallel to XY will be the traces of the required 
plane. 

When the axis of the cylinder is incUned to one of the 
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planes a similar though slightly more involved method may 
be employed. 
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Problem VI. — To project a heUcoidal line, i.e., a line on 
a right circular cyUnder which everywhere makes the same 
angle with the base of the cyhnder. (Fig. 58.) 

Such a line is formed on a cylinder by the inclined straight 
edge of a piece of paper, which is wrapped about the cylinder. 
When a straight line is at right angles to another straight 
line, and revolves about it uniformly, while at the same time 
it has a imif orm motion in the direction of the axis of revo- 
lution, the revolving line describes a hehcoidal or screw 
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surface, and any point in the line describes a curve of the 
required form. 

In Fig. 58 let ft/ and abc, etc., be the elevation and 
plan of a right cylinder. Divide the plan Into equal parts 
by radial lines, and find the corresponding vertical projec- 
tions on the surface of the cylinder in b'b'i, c'c'i, etc. Let 
the pitch of the helicoid, i.e., the distance through which 



the generating line moves along the axis while it describes 
one complete revolution, be kj. Divide the length kj into 
the same number of equal parts as the circumference is 
divided in a, b, c, etc., in this case twelve. Through the 
points so found draw horizontal lines representing circles 
on the cylindrical surface. 

Suppose the describing-point to be at o in plan and h in 
elevation. When the point moves to b in plan, or, through; 
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-j^j- of a revolution, its elevation moves through y^ of the 
pitch hj, i.e., to the horizontal line next above h. When 
c is the plan of the point the elevation is on the second 
horizontal Une. When the plan is at d the elevation is on 
the third horizontal Une, i.e., it has ascended through ^ 
of the pitch, and so on. When one half a revolution is 
performed the elevation is at ii. The vertical projection 
from h to ii is represented in a heavy line. For the remaining 
, half-revolution when the point is behind the cylinder it is 
represented in a light Une iij. A second revolution, which is 
similarly obtained, is represented in jkia\ 

Problem VII. — To project a single screw-thread. (Fig. 
59.) 

Any line on the thread, such as its outer or inner edge, 
is a helicoidal Une. Let the section of the thread be an 
equilateral triangle xyz. The pitch is equal to one side of 
the triangle. The plan Ir represents the cyUnders of con- 
tact at the tops and bottoms of the threads. The difference 
of the radii of the circles is equal to the perpendicular from 
z on xy. To trace the vertical projection of the screw, divide 
the circumference equaUy as in the previous problem. 
Mark ofif lengths su, uw, etc., equal to the pitch, and divide 
them into the same number of equal parts as the circumfer- 
ence, drawing horizontal Unes through the points of division. 
Trace the vertical projections of the heUcoidal lines on the 
outer and inner cyUnder, as in the previous problem. Join 
the projections of the bottoms of the threads to the tops, 
forming equilateral triangles. For the sake of clearness in 
the drawing, only the front portion of the screw is shown. 

Problem VIII. — To find the projections of a point on 
the surface of a sphere or other surface of revolution and 
to draw a plane through the point tangent to the surface. 
(Fig. 60.) 



72 



ELEMENTARY DESCRIPTIVE GEOMETRY. 



Assume one projection, as a'. A horizontal plane through 
a' will cut the sphere in a circle of radius 6'c'. Draw the 
plan of this circle in aiC. The plans corresponding to the 
elevation a' are ai and a2. To find the tangent plane to 
the surface at Ai^ draw a horizontal line through Ai tangent 
to the small circle. The trace of this line M is a point in 




Fig. 60. 

the trace of the required plane. Swing the vertical section 
containing Ai about the vertical line passing through B 
until Ai coincides with C, and draw a tangent to the curve 
at C to meet H.P. in Ni. Make 6N equal to 6Ni or sui and 
draw NL perpendicular to &N to form the required horizontal 
trace, and obtain the vertical trace passing through M by 
joining ML. 
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Problem IX. — Given the projections of four points, to 
find the sphere which shall contain the points. 

Let the four points be A, B, C, and D. Join any two of 
them, as^ AB, bisect AB, and through the point of bisection 
draw a plane perpendicular to AB. (Prob. VIII, Chap. II.) 
Bisect any other line, as BC, and through the middle point 
draw a plane perpendicular to the line. Find the line of 
intersection of the two planes thus found. This Une must 
pass through the centre of the required sphere. Again 
bisect any other line, as CD, and find the plane passing 
through its middle point and perpendicular to it. Find 
the point in which the line of intersection of the first two 
planes meets the third plane. (Prob. VI, Chap. II.) This 
point is equidistant from all the given points and is the 
centre of the sphere. Find the true distance between the 
centre point and any one of the given points, and describe 
circles in plan and elevation to represent the required sphere. 

Problem X. — To find the plane which shall contain a 
given line and be tangent to a given sphere. (Fig. 61.) 

Let AB be the given line and CD the given sphere. 
Through O, the centre of the sphere, draw the plane MLN 
perpendicular to the given line AB. Find the point of 
meeting P between' the line and the plane. Rabat the 
plane MLN about LN, and in the rabatted plane draw one 
of the tangents Pig through Pi to the great circle section. 
q will be a point in the horizontal trace of the required 
plane. As the plane must contain the line, B is also a point 
in the plane. The horizontal trace is therefore gBR and 
the vertical trace is RT. The plane touches the sphere in S. 

Problem XL — To find the plane which shall contain a . 
given point and be tangent to two given spheres. (Fig. 62.) 

Let P be the point and A and B the given spheres. The 
vertex of the cone which contains the spheres is foimd in 
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V by drawing tangents to the projections of the spheres. 
Any tangent plane to the spheres must contain V, and the 
required plane must also contain P. Join PV and by Prob. 
X (Fig. 61) find the plane NLM containing PV and touching 
one of the spheres A. Such a plane must also touch the 
other sphere B, since it must contain the vertex V of the 
cone which envelops it, and it is therefore the required plane. 




Fig. 62. 

In Fig. 62 the construction required in order to determine 
the plane touching the sphere A and containing the line 
PV is given, m and n are the traces of the line PV, stu 
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are the traces of the plane drawn through A perpendicular 
to PV, and is the point of intersection between the line 




ll€K 63. 



PV and the plane stu. Ai is the centre of the rabatted 
circle A, and Oi is the rabatted point 0. The tangent 
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line drawn from Oi to the circle Ai and produced to meet 
the trace determines the point s in the required tangent 
plane NLM. 




Fig. 64. 



A second plane may also be found to contain the point 
and touch the spheres. As a cone having its vertex between 
the two spheres will also envelop the spheres, two other 
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tangent planes (four in all) may be found to satisfy the 
problem. 

Problem XII. — To find a plane tangent to three given 
spheres. (Fig. 63.) 

Let the spheres be P, Q, and R. Call the vertex of a 
cone enveloping P and Q, Vi ; the vertex of a cone envelop- 
ing P and R, V2, and the vertex of the cone enveloping Q 
and R, V3. These three points Vi, V2, V3 will be found to . 
lie in a straight line. The plane containing this line and 
touching one of the spheres will touch all three spheres, and 
if the spheres are not in contact there will be eight tangent 
planes. Two of these containing Vi, V2, V3 are represented 
in Fig. 63. 

Problem XIII. — To project an hyperboloid of revolu- 
tion. (Fig. 64.) This surface is formed when a straight 
line revolves about an axis which it does not intersect. 

Let the directing axis AB be vertical, and let CD be the 
generating line. Any point in CD will describe a horizontal 
circle about the directrix. Take any point M in CD and 
describe the arc mmi about a, and find the vertical pro- 
jection m'l which will be a point on the curve representing 
the vertical section containing the axis. Similarly obtain 
other points and sketch in the curve. 

Problem XIV. — To find the traces of a plane which 
shall be inclined at given angles to the projection planes. 
(Fig. 64a.) 

Let the angle to the H.P. be 60° and that to the V.P. 50°. 
Let the point in the XY line be the centre of any sphere 
mn. Construct a right cone touching the sphere and having 
its axis (SO) in the V.P., so that the elements of the cone 
are inclined to the H.P. at 60°. The horizontal trace of this 
cone will contain the arc A1A2. Construct also a right cone 
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touching the sphere having its axis (TO) in the H.P. and 
elements inclined to the V.P. at 50°. The vertical trace of 




Fig. 64a. 



— y 



this latter cone will contain the arc i;iV2. The traces of a 
plane making the required angles will pass through S 
and T and be tangent to vit;2 and hih2 as SLT. (See also 
Fig. 30.) 
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Exercises on Chapter IV. 

1. Find the projections of a line making angles of 30*^ 
with both planes of projection and the traces of a plane 
making an angle of 75P with the H.P. and containing the 
line. 

2. A right cylinder has its axis parallel to the H.P. but 
inclined to the V.P. -at 30°. The diameter of the cylinder 
is 1" and Hs axis is 1" above the H.P. Find the traces of 
the four planes which touch the cylinder and are inclined 
at 45° to the H.P. 

3. The diaineter of a screw-bolt is 3"; the thread is of 
square section, and the pitch J''. Project the screw when 
its axis is parallel to the V.P. 

4. A sphere of 2" diameter rests on the H.P. and touches 
the V.P. Find the traces of a plane which will touch the 
sphere and make angles of 45° and 60° with the H.P. and 
V.P. respectively, (a) Find also the three other planes 
satisfying this condition. 

5. Find the plan of a right hexagonal prism, faces 1" X3", 
when the base is inclined at 45° and one face is at 60° to 
the H.P. 

6. The base of a regular square p3rramid is inclined at 
60° and one of the triangular sides of the pyramid at 75° 
to the H.P. The edge of the base is 1".5 and the alti- 
tude of the pjnramid 3'. Find the plan; and find also an 
elevation on a plane perpendicular to the plane of the 
base. 

7. Three spheres of 1", 1^'', and 2" diameter, respect- 
ively, are so placed that their centres are at the angles 
of an equilateral triangle of 2'' side and 1" above the H.P. 
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The line joining the centres of the largest and smallest 
spheres is parallel to the V.P. and 2'' distant from it. Find 
the traces of all the planes which will touch all the 
spheres. 

8. Determine the surfaces generated by the edges of a 
cube when it revolves about a solid diameter. 
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CHAPTER V. 



SECTIONS OF SOLIDS. 



When a plane cuts a solid, the resulting plane figure is 
called a Section. The section is usually given in its true 
form, but may be represented by its plan and elevation. 

Problem I. — To find any section of a right, square 
prism. (Fig. 65.) 




When the cutting plane is perpendicular to the axis the 
section is, of course, a square. When it is parallel to the 
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axis the section is a rectangle. Let the section be required 
when the cutting plane meets the axis obliquely. 

Place the prism so that the cutting plane shall be per- 
pendicular to the vertical. Let the traces of the plane be 
LMN. The plane cuts the edges of the prism in points the 
projections of which are known. As that of which c is the 
plan and t' the elevation in the line CG; that of which h 
is the plan and s' the elevation in the line FB. These and 
the other corners of the section are readily represented by 
rabatting the cutting plane into the H.P. about MN. The 
point of which c is the plan and t^ the elevation is rabatted 
into T on the perpendicular to MN drawn through c, and mT 
is equal to M.t\ Similarly the point of which h is the plan 
and s' the elevation is rabatted into the point U, so that oU 
is equal to Ms'. The point of which d is the plan is similarly 
rabatted into S, nS being also equal to Ms'. The remaining 
pair of points are represented in elevation in / and in plan 
by r and v, and their distances from the horizontal trace 
pV, gR are equal to Mr'. The polygon TSVRU is, therefore, 
the true form of the section caused by the plane LMN. If 
the prism were longer, so that the edge AE met the plane, 
the section of the rectangular prism would be a lozenge- 
shaped figure. 

The section may with equal facility be obtained by 
rabatting into the V.P. about the vertical trace LM. The 
perpendiculars ^'Ti ==c'c; s'Si=6'd; s'Ui=6'6; r'Vi=A;''y; 
and r'Ri=A;'r. The figures TSVRU and TiSiViRiUi wiU 
be found to be precisely equal. 

Problem II. — To find the section caused by a plane 
meeting a pentagonal prism so that it cuts the axis obliquely. 
(Fig. 66.) 

Let LMN, the cutting plane, be perpendicular to the V.P. 
The section may be obtained as in Prob. I by rabatting 
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about one of the traces. Let it be turned about the hori- 
zontal trace MN. Then the plane meets the edge GD of the 
prism at a distance Mn' from the trace MN. Make rNi ==Mn' 
and Ni will be the rabatment of the point of section. The 
other points are obtained similariy, and as in the previous 
problem, i.e., sPi=Mp'; ^Qi=Mg'; vOi =Mo'; uMi=Mm'; 
and MiNiPiQiOi is the required section. 




Where the given cutting plane is not perpendicular to 
one of the projection planes, the process of rabatting becomes 
more intricate, but the problem may be readily solved by 
first finding the points of intersection of the edges of the 
solid and the cutting plane by the method of Prob. 6, Chap. 
II (Fig. 26), and afterwards rabatting the section as in 
Prob. 23, Chap. II (Fig. 23). In such cases, however, it will 
sometimes be found simpler to obtain a new projection on a 
plane perpendicular to one of the traces and hence to obtain 
the rabatment as above. 

Problem III. — To find the section caused by a vertical 
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plane meeting an hexagonal pyramid, when the latter rests 
on the H.P. on one of its slant faces. (Fig. 67.) 

The horizontal trace cuts the plans of the edges of the 
pyramid in the points MNORPQ; find the elevations of these 
points in m'n'oVpY- The points are now easily rabatted 
into the horizontal since the altitude of each of them above 
the H.P. is known. MiNiOiRiPQ is the true section. 



Problem IV. — To find the section of a right cylinder by 
a plane which makes any angle with axis, {Fig. 68.) 

Let the angle be 45°, and let the cylinder stand on the 
H.P. Take the cutting plane perpendicular to the vertical 
and inclined at 45° to the vertical axis of the cylinder. 
Divide the cylinder's circumference by the lines AAi, BBi, 
etc, (equally spaced for convenience). Rabat the plane 
into the horizontal about MN and obtain the section pre- 
cisely as in the three former problems. oP = Mp' ; nQ = Mg* ; 
mR-M/, etc. Join the points free-hand. 
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Problem V. — To find the section of a cone which is caused 
by any plane. 

(a) When the plane meets only one-half of the cone. (Fig. 
69.) 

Note. — The complete cone extends beyond the apex, so 
that what is below the apex is only one-half of the cone. 
The cone extends indefinitely in both directions. 



a \b\ci d\ e{f,g : 




Divide the base of the cone into equal parts in a, 6, c, d, 
etc. Join these points to o, the plan of the apex, and find 
the elevation of the lines in a'o', 6'o', c'o', etc. The plane 
will cross these lines in v', u', f, s', etc. Find the plans 
of these points in v, u, t, s, etc. In order to find the 
plan of V, in which case no intersection can be obtained, 
it is necessary to find the radius of the horizontal circular 
section at v', i.e., v'm, and describe a circle of that radius 
from 0, or set off the distance ov=v^m. The other points 
w, tj etc., may also be obtained by describing circles from o 
with the radii of the horizontal sections at these points. 
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For example, the plan of U may be found by describing from 
the centre o an arc equal to In, the radius of the horizontal 
section at U to meet the plan of the line OB in u. The 
plan and elevation of the section now being found in vuts, 
etc., xfu't's', etc., it may be rebatted about either of the 
traces, as in the case of Fig. 65. 

In this case, when the cutting plane meets only one-half 
the cone, the section is, in general, an ellipse. When the 
plane is perpendicular to the axis, the section is a circle, 
and when it is parallel to the tangent plane, i.e., when LM 



becomes paralld to a generator, as OD, the section is a 
parabola. The paraboUc section is obtfdned in a similar 
manner to that of the ellipse. 

(fc) When the plane meets both portions of the cone, the 
section becomes a hyperbola. This section may also be 
obtwned by the same method as the ellipse. Let the section 
plane be rabatted about LM into the V.P. (Fig. 70). The 
line drawn through the point v parallel to the V.P. and 
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being in the cutting plane is the axis of the hyperbola. 
Find the rabatted position of this line in wiv,. (The lengths 
i/vi, vfwi^M.v.) The section may now be plotted by 
ordinates from this line. Let it be required to find the 
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ordinates at li. Draw the horizontal line gtlm through the 
point I in elevation; and from the centre d in plan describe 
the circle with radius tm or gt meeting the perpendicular 
from I in k and /; kj is the double ordinate at the point li- 
Ordinates at the other points w', o', p', q', etc., are to be 
obtained in a similar manner. 
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To find the asymptotes to the hyperbola, draw through 
the apex of the curve a plane parallel to the plane LMN, and 
at the points in which the plane so found cuts the horizontal 
trace of the cone draw tangents to the circular trace to 
meet the trace MN in x and j/. The line xy passing through 
V gives the length of the double ordinate to the asymptote 
at the point Vi, The ordinates t^iai, Wihi at the point Wi 
may be found in the same manner and the required asymp- 
totes are the lines aij/i, 61X1. 

Exercises on Chapter V. 

1. Find the section of a triangular prism of which the 
right section is equilateral, caused by a plane perpendicular 
to one face and cutting that face at an angle of 30° to its 
longer edges. 

2. A sphere of 2" diameter is cut by a plane at a distance 
of 0".5 from its centre. Find the section. 

3. The altitude of an hexagonal right pyramid is 2" and 
the length of one side of the base 0".5. Find the section 
caused by a plane parallel to one edge of the base and to 
the axis and at 0".25 from the latter. 

4. The apex angle of a cone is 60°. Find the section 
caused by a plane which is inclined at 15° to the axis and 
passes 0".25 from the apex. 

5. Find the section of an octahedron of 1" edge, caused 
by a plane meeting three adjacent edges at points distant 
respectively from a solid angle 0''.25, 0".5, and 0".7o. 

6. The axis of a right pentagonal prism measures 3" and 
the edges of an end 1". Find the section caused by a plane 
which enters the solid at one angle and which contains the 
opposite edge of the other end. 



CHAPTER VI. 

PENETRATIONS AND DEVELOPMENTS. 

When one surface cuts another, the form of the line of 
meeting or penetration is frequently required. This is 
usually first obtained by its projections and afterwards, 
when the surfaces are developable ones, represented in its 
true form. The form of the penetration lines between planes 
and solids in a few simple cases has already been dealt with 
under Sections of Solids in Chap. V. 

Problem I. — To develop the surface of an hexagonal 
prism which is^ cut by a plane meeting the axis at 45°, and find 
the line of penetration. (Fig. 71.) 

Draw the plan and elevation when the axis is vertical, 
and suppose the solid to be cut by a plane LMN perpen- 
dicular to the V.P. First develop the whole surface- of 
the prism by drawing the six rectangular faces, taking XY 
produced as a base, and measure on each of the vertical 
lines which represent the several edges of the prism the 
distances above the horizontal at which the cutting plane 
meets the edges of the prism. The vertical from di is the 
developed position of DP, and the line of section is at a point 
li such that dih ^d^l. The next edge, EQ, towards the left, 
represented by the vertical from ci, is cut at a distance e'g 
above the horizontal. Find the point of section in^i, by 
drawing a horizontal through g to meet the vertical through 

ei. Continuing towards the left, the point of section in 
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FR is found developed at ii ; in AM at ki ; in BN at /i ; in 
CO at hi and returning to the first-found point, which is 
represented again at h. The ends are not shown in the 
figure, but may be attached to any of the developed edges 
of the ends, as 61/1 or fiai, etc. 




Fig. 71. 



Problem II. — To develop the surface of a right cylinder 
showing the penetration line caused by a plane meeting 
the axis of the cylinder at 45°. (Fig. 72.) 

This problem may be solved by the same construction 
as in Prob. I. 

Let the cyUnder be placed upon its end and cut by the 
plane LMN as shown. Divide the surface of the cylinder 
by equally spaced vertical fines as shown in the figure. 
Measure off along XY produced, spaces equal to the length 
of the rectified arc of each division of the base, and, as in 
the former exercises, draw horizontal lines to obtain the 
points of penetration of each vertical, until the whole line 
of penetration rniUiOipi, etc., is obtained. 
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Problem III. — To develop the surface of a right cone 
showing the penetration line caused by a plane meeting the 
axis of the cone at 45°. (Fig. 73.) 

Divide the base of the cone into equal parts in a, b, c, etc. 
From o' as centre, describe an arc of a circle with radius 
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Fig. 72. 

o'o! J the slant height of the cone. On this arc measure 
spaces a'6i, biCi, etc., equal to the lengths a6, &c, etc., and 
join o' to 6i,ci,di, etc. The surface o'a'ai is the develop- 
ment of the cone surface, and the lines o'a\ o'bi, o'ci, 
etc., are the developments of the lines OA, OB, OC, etc. 
To find the developed line of section commencing at 
m, draw through n, i, p, 5, etc., horizontal lines to meet 
the Une o'a'. The true length of each of the projected 
lengths o'n^ o^t, o^p, etc., are thus marked off on o^a\ Now 
from 0' as centre, describe with radius o'k (equal to the 
true length ON) an arc tomeeto'6i inrii. Similarly describe 
the arcs Itij wpi, etc., and join the points mi, ni, ti, pi, 
etc., to form the developed curve of penetration of the 
cone surface caused by the plane LMN. 
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Problem IV. — To find the projections of the lines of 
penetration of two square prisms and their developments. 
(Fig. 74.) 

Let one prism be slightly lai^er than the other and let 
their axes meet at an angle of 60°. Place them so that the 
plane of the axes in parallel to the vertical and two edges of 
the smaller prism meet two edges of the larger. Draw the 



elevation and plan of the objects. The plans of the points 
of intersection will obviously be at b, r, q, d, s, and (. There 
are two points of section represented by each of the plana 
b and d; the elevations of the former are i/ and u', and of 
the latter x' and v/. The elevation corresponding to the " 
plan r is / since it must be on the line i'V, which is the eleva- 
tion of IL. Smilarly the elevation corresponding to q is <^. 
uV and r'u' ar^ the vertical projections of lines of section 
of which br is the plan and x'j', <^w' are vertical projections 
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of lines of section of which dq is the plan. These lines 
may also be considered as the vertical projections of which 
hi and sd are respectively plans. If the position of the plan 
with reference to XY be changed, the projections of the 
penetration lines on opposite sides of the prisms will cease 
to overlap, and similarly, if the position of the vertical pro- 



m' g' f 




Fig. 74. 

jection with reference to XY be changed, each penetration 
line will be separately represented in plan. 

To develop the larger prism draw a straight line and 
mark off on it lengths AiBi, BiCi, CiDi, DiAi, each equal 
to the edges of the base. Erect perpendiculars at the several 
points equal to the length of the prism. The resulting 
rectangular figure represents the developed plane sides of 
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the prism. Since the edges of the prisms are parallel to 
the V.P., all the projected lengths along these lines in the 
V.P. are true lengths. To find the point of penetration R, 
measure a distance Airi equal to ar, and erect a perpendicular 
riRi, making its length equal to the altitude of r' in the 
elevation (riRi=a'r'). To find the points of penetration 
U and V, measure on BiEi distances BiUi, BiVi equal 
respectively to Vu' and Vv\ To find the point of penetra- 
tion T make Bi^i equal to ht, and erect a perpendicular at 
h, ^iTi, equal to the altitude of T (aV). The points 
RiViTiUi being joined, show the lines of penetration. The 
penetration lines SiKiQiWi are obtained in a similar manner. 

To obtain the penetration lines for the small prism, 
draw the four plane faces PiLi, IiMi, JiNi, Kid, represent- 
ing the developed sides. The projected lengths in the V.P., 
Fig 74, along the edges of this prism are true lengths since 
they are parallel to the plane. Make PiUi equal to p'u'; 
IiRi equal to tV; JiVi equal to jW\ KiTi equal to iV, 
and again PiUi equal to p'u'. The lines UiRiViTiUi are 
the penetration lines of this end of the prism, and those of 
the other end WiQiXiSiWi may be obtained in a similar 
manner. 

Problem V. — To draw the projections and developments 
of two right cylinders, the axes of which meet at any angles. 
(Fig. 75.) 

Place the cylinders so that their axes are parallel to the 
V.P. Divide the surface of the smaller cylinder into equal 
parts by fines parallel to the axis through H, I, J, K, etc., 
and where these fines meet the larger cylinder in plan 
at a, 6, c, d, etc., erect perpendiculars and draw the cor- 
responding vertical projections. The horizontal projection 
of the fine of penetration extends from a to gr on the side 
of the large cyfinder. The vertical projection corresponding 
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to the point in the penetration, of which a is the plan, must 
be in the line h'p' and is therefore at p'. A vertical projec- 
tion corresponding to the point of which b is the plan, is 
in the line i'^ and is therefore at g'. The other elevation 




corresponding to the plan b is in z'o' and is therefore at </. 

Similarly the projections of penetration points represented 
in plan by c and d are at r' and s' and at n' and m'. The 
curve sYq'p'o'n'm' is the vertical projection of the portion 
of the penetration of which abed or defg is the plan and 
therefore is the whole vertical projection of that end of the 
penetration in the position in which the cylinders are placed. 
The projection of the penetration at the other end is sinularly 
obtained. 

To find the development of the larger cylinder, use for 
convenience as a base line XY produced. Erect at ^i a 
vertical line representing the vertical through /3. Measure 
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along XY, /?iAi equal to /9a and lengths AiBi, BiCi, etc., 
equal to the lengths ab, he, etc. The perpendiculars at 
the points Ai, Bi, Ci, etc., represent the several positions of 
the generator line at A, B, C, etc., and the whole rectangle 
is the developed surface of the sides of the cylinder. On 
the vertical through Ai measure a height AiPi equal to a^j)\ 
which is the altitude of the point P above the H.P. On 
the vertical through Bi measure the altitudes BiOi and 
BiQi equal to h'o', 6'g'. These may conveniently b^ obtained 
by drawing horizontal lines through o' and g' to meet the 
vertical lines. The remaining points in this curve and the 
curve of penetration on the other side of the cylinder may 
be obtained in a similar manner. 

To obtain the development of the curves on the smaller 
cylinder, draw a base line equal to the length of the cir- 
cumference of the cylinder, marking the points Xi, Yi, Zi, Hi, 
etc., and erecting perpendiculars representing the several 
positions of the generator line at X, Y, Z, H, etc. Make 
XiMi equal to mV; YiNi equal to j/V; ZiOi equal to z'o\ 
and find the other points Pi, Qi, etc., to complete the curve. 
Draw the curve of penetration for the other end in a similar 
manner. 

Problem VI. — To draw the projections and develop- 
ments of the curves of penetration between a cylinder and 
cone, the axes of which are respectively parallel and at 
right angles to the horizontal, but do not necessarily meet. 

Let the cone and cylinder be placed as in Fig. 76. 

The method which is used to find the lines of penetration 
consists in passing horizontal planes so as to cut both soUds 
in lines of section which give intersections in points common 
to both sohds. Horizontal planes are chosen because the 
resulting sections are simple, being circles for the cone and 
rectangles for the cylinder. First draw a horizontal plane 
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tangent to the cylinder along KKi. This cuts the cone in 
a circle of which the horizontal projection is rl2, and as the 
horizontal projection of the tangent Une is kki, 1 and 2 are 
plans of penetration points of which the vertical projections 
are found at 1' and 2' on A;'A;'i. Next let the solids be cut 
by a horizontal plane (containing JJi) which cuts the cyUnder 
in the rectangle of which the plan is jjikl and the cone in 
the circle of which the plan is ^35. The rectangle and circle 
meet in the points 3, 4, 5, and 6, which are therefore points in 
the plan of the penetration. The elevations of these points 
are 3', 4', 5', and 6' in ffi. Similarly a plane through II 
cutting the cyUnder in the rectangle IIiNNi and the cone 
in the circle u78 gives the points 7 and 8: Two points only 
are obtained in this case, as the circle only meets the rect- 
angle in one line NNi. In other words, the cylinder cuts 
the cone entirely away on one side at the level of IIi. The 
plane containing MMiHHi serves to obtain the points 9 and 
10. The plane containing PPi serves to obtain the four 
points 11, 12, 19, and 20, as here again the rectangle meets 
the circle in four points, i.e., the cylinder is again enclosed 
in the cone. The remaining planes being drawn and all 
the necessary points obtained, a free-hand drawing is made 
joining the points in plan and elevation. 

To develop the cone surface : Through o, the plan of the 
apex, and as many of the points as are necessary to determine 
the form of the curve, draw lines og, of, oe, od, etc., to the 
base. These Unes may also be drawn in elevation, although 
this is not necessary. Draw the line OiAi to represent the 
developed position of the generator line OA, the true length 
of which is equal to oV. From Oi as centre with radius 
OiAi describe an arc of a circle, and on it measure from Ai 
both ways lengths AiBi, A1B2 equal to 06 or 061. From 
Bi and B2 measure BiCi and B2C2 equal to be and biCi, 
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etc., etc., until the several positions of the generator shown 
in plan are represented on the development. The developed 
position of the several points in the curve may now be 
obtained by describing arcs of the proper radii from Oi, 
representing the distances of the points from 0, the apex 
of the cone, to cut the radiating lines. Suppose the point 19 
is to be obtained; it will be found in the line O1B2 and at a 
distance from Oi equal to the length of Oil9, of which the 
plan is ol9 and elevation o'19'. The true length o^t of 019 
is found by drawing a horizontal through 19' to meet o'e'i 
in L With Oi as centre and o7 as radius describe an arc 
to meet O1B2 in 19i. 20 is at the same distance from O as 
19, hence the developed position of 20 is found in OiBi by 
continuing the arc passing through 19. 11 and 12 are 
also on this arc, since all these points 11, 12, 19, and 20 
are in the same horizontal plane, i.e., at the same distance 
from the apex 0. Similarly, all other points in the develop- 
ment may be obtained. Generator lines have not been 
drawn for all the points near the apex in order to avoid 
confusion. Their positions are, however, represented on the 
cur\^e. 

The development of the cylinder is obtained after the 
same manner as that in Prob. V. The straight Une KiKi 
represents the rectified circumference of the cylinder. The 
perpendiculars through Ki, Li, Mi, Ni, etc., represent the 
equally spaced lines on the circumference parallel to the axis 
of the cylinder. Measure on the perpendicular through Ki 
a distance Kili equal to /:'l', which is a true length since 
it is a projection of a line parallel to the V.P. (The plan, 
A:l, is also a true length.) Measure also the distance Ki2i 
equal to A;'2'. Similarly measure Li3i and L161 equal to 
j'3' and f&; Mi7i and M181 equal to i7' and t'8', etc. The 
free-hand curve drawn through all the points thus obtained 
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is the defveloped curve of penetration on the surface of the 
cyHnder. 

Problem VII. — To obtain the projections of the penetra- 
tion Unes between any two surfaces of revolution whose axes 
meet. (Fig. 77.) 




Let an ellipsoid whose axis is vertical be penetrated by 
a sphere. 

An axis of the sphere may be taken in any direction. 
Take a diameter of the sphere meeting the axis of the ellipsoid 
in L. Let the vertical plane be parallel to the two axes. 
Let L be taken as the centre of a sphere, the surface of 
which meets the two solids; the section lines between this 
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auxiliary sphere and the two solids are both circles, and 
having their planes perpendicular to the vertical, are pro- 
jected there as straight lines. Let fg'h^i' represent the 
vertical projection of a sphere with centre L; fK is the 
vertical projection of the circle in which this sphere meets 
the given sphere, and gr'i' the vertical projection of the circle 
in which it meets the given eUipsoid. These two circles 
meet in p', which is the projection of two points common to 
the two planes. In the same manner a sphere from the 
same centre, meeting the soUds in JK and EC, gives the pro- 
jection V of two other points on the penetration Une. The 
curve r^p'Vo's' is therefore the vertical projection of the 
penetration line. 

To obtain the plan: g^i' is the elevation of a circle which 
is parallel to the horizontal, and its plan is therefore a circle. 
Describe this plan about the centre d, which is the plan of 
the axis of the eUipsoid. Drop a perpendicular to find the 
plans pi and p corresponding to the elevation p'. Obtain 
in the same way the plans of the other points and join them. 
rplosoihpi is the projection of the penetration curve. 

This method can be applied to a large number of cases, 
and is specially applicable to penetrations of spheres with 
other surfaces of revolution, since the axis of the sphere 
may be taken as any diameter. 

Problem VIII. — To obtain the line of penetration of 
any two conical surfaces. (Fig. 78.) 

Let the two cones be Ymn and Wqs, having their hori- 
zontal traces given. These traces are conveniently taken 
as circles. Produce the line VW and find its horizontal 
trace in H. Any plane which contains VW will, if it cuts 
the cones, meet them along generator hues, and these lines 
will usually determine four points common to both sur- 
faces and therefore on the line of penetration. Represent 
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any cutting plane containing VW by its trace Ho. This 
plane will cut one cone in the hues MV, NV, and will touch 
the other along WO. The meeting of these lines in plan 
will determine the points a and 6, and in elevation a' and 6'. 
Any number of planes may be similarly drawn, as, for 
example, Hp, which will meet the cones in VR, VL and WQ, 
WP, and hence determine four new points. 

It will be well, in order to avoid confusion, to proceed 
from one plane to another near to it, and to join the points 
as found, confining attention in the first instance to one 
projection only. 

Where the trace lines of the two cones are given on 
different planes it will be necessary to obtain both the 
vertical and horizontal traces of the line VW and to employ 
both the traces of the cutting planes. The method will, 
however, be similar to the foregoing. 

To develop the smiaces it is only necessary to measure 
the true lengths of lines from the apex to points on the 
penetration, and the true distances along this line between 
the adjacent points. 

Cor. I. — Where a cone intersects a cylinder the line 
(VW) common to planes which will contain generators of 
both surfaces will be drawn through the apex of the cone 
parallel to a generator of the cylinder. 

Cor. II. — ^Where two cylinders meet, the construction 
planes are drawn parallel to the generators of both cylinders. 

Exercises on Chapter VI. 

1. A hexagonal prism is penetrated by a cylinder so 
that their axes meet at right angles. Let the axis of the 
prism be horizontal and two faces vertical. The diameter 
of the end of the cylinder is 1".5 and the greatest diameter 
of the end of the prism also 1".5. Find the lines of pene- 
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tration and develop both surfaces, (a) Show also a vertical 
projection when the axis of the prism is at 30° to the V.P. 

2. A cube of 2 ' side penetrates a sphere of 1".5 radius 
so that their centres are coincident. Show the plan of the 
lines of penetration when a soUd diameter of the cube is 
vertical. Find the development of one face of the cube, 
showing the penetration line. 

3. A right cone, base 2" diameter and altitude 3", is 
penetrated by a cylinder of 1".5 diameter. Their axes 
meet at right angles and both cyUnder and cone rest on 
the H.P. Find the developments and penetration lines. 

4. A cylinder of 1".5 diameter penetrates another cyUn- 
der of 2" diameter. Their axes meet at right angles. Find 
the penetration Unes and their development. 

5. Find the projections and show penetration lines and 
developments of two cylinders, as in Ex. 4, when the perpen- 
dicular distance between their axes is 0".25, and the projec- 
tions of their axes on a plane parallel to both make right 
angles. 

6 . A right cone of 3" altitude, having a base of 2" diam- 
eter, is penetrated by a sphere of 1".5 diameter, so that 
the sphere touches the axis of the cone at a point 2" from 
the apex. Show the penetration lines and their develop- 
ment. 



CHAPTER VII. 



AXOMETRIC PROJECTIONS. 



When it is desired to convey a clear idea of any struc- 
ture or machine to those not skilled in the interpretation 
of drawings and at the same time to make a drawing which 
can be measured to scale, a method of representation on 
one plane, in which the dimensions are referred to three 
rectangular axes, is employed. If the axes are imequally 
inclined to the projection plane, the scales along them ure 
unequal. The most usual arrangement, however, is to 
place the rectangular axes at the same inclination, in 
which case the scales are the same, and the projection is 
known as isometric. It must always be borne in mind that 
measurements can only be made in these projections along 
lines parallel to an axis. 

The initial problem arising is either, given the projected 
directions of the axes to determine the scales, or, given 
the scales to determine the projection of the axes. 

Problem I. — Given the horizontal projections of the axes, 
— ^i.e., the projections of three straight lines which meet at a 
point and are at right angles to one another, — to detennine 
their respective inclinations to the projection plane and 
hence the scales to be employed in the projection. (Fig. 79.) 

Let the axes be AO, BO, and CO. Take any point m 
in one of the lines BO and draw mn perpendicular to AO. 
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mn will be parallel to the projection plane. Similarly draw 
nr and rm perpendicular to BO and CO respectively. Let a 
vertical plane contain AO and there will be formed a right- 
angled triangle rOs on the base rs. Rabat this triangle 
about rs parallel to the projection plane. 




Fig. 79. 

To do this, bisect rs and describe a semicircle on it; 

rois will be the rabatted triangle, and oroi will represent 

ro 
the incUnation of the axis AO. — will be the scale of 

roi 

projection along this axis, and the scales along the other 

axes may be obtained similarly. To obtain the scales only 

and not the incUnations, it is slightly more convenient to 

rabat two of the right-angled triangles, as rom and mon, 

about rm and mn. Thus the scale along BO is . 

° mo2 
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If the angles between the projection axes AO, BO, and 
CO are all equal (120°), then the axes must be equally 
inclined to the projection plane and hence the scales must 




Fig. 80. 



be equal, and the axes are those of an isometric (equal 
measure) projection. 

Problem II. — Given the scales along two of the axes 
and hence their inclinations to the projection plane, to 
determine the projections of the axes and the scale along 
the third axis. (Fig. 80.) 
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Let the given scales be f and f . First determine the 
corresponding inclinations. Take a Une parallel to XY at 
any convenient (Jistance above XY. Divide the line into 
equal parts in n, o, p, etc., and by describing arcs about M 
with radii Mg and Mr obtain the inclinations MP and MQ 
corresponding to the scales | and f as in the figure. Now 
let M be a point in the V.P. and MP, MQ the inclinations 
of two lines including a right angle. Project the angle in 
QmPi. (Prob. VIII, Chap. I.) QPi is a Une in the hori- 
zontal projection plane, and the third axis is perpendicular 
to it. The scale along mR is obtained as in the previous 

problem and is — =-. 

miK 

Problem III. — Given the projections of the axes, to 
project a cube. (Fig. 81.) 

The edges of the cube correspond to the axes of projec- 
tion. Let oA, oB, and oG be the projections of the axes. 
Find the scale ratios as in Prob. I. From Oi and 02 meas- 
ure the true lengths of the sides in 02ml, Oini, Oin, and 
transfer these lengths to the projected lengths along the 
axes in om, on, or. Hence construct the required projec- 
tion of the cube, omnrstuv. 

The scales for the construction along the axis may of 
course be reduced to any extent provided they are all 
reduced in the same ratio. . 

Problem IV. — Given the projections of the axes, to pro- 
ject a cylinder of given dimensions. (Fig. 82.) 

Draw a circle of the same diameter as the base of the 
cylinder, and enclose it in a square abed. Let this square 
be the end of a prism having a length equal to the length 
of the cyHnder. Project such a prism by the method of 
Prob. HI. The circular end of the prism will touch the 
square which encloses it at the middle points oi, gi, etc. 
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It will be necessary to find the projections of certain addi- 
tional points on the ciide. These are to be found by 
references to the axes of projection. To find the inter- 
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Fig. 81. 



mediate points u, v, w, x, refer these to the containing sides 
of the square and measure aimi, 6ini, 6ipi, ciri, etc., to the 
corresponding scales. Draw the corresponding fines through 
these points to determine the points UiViWiXi in the projec- 
tion. Through these points and those previously deter- 
mined sketch the elfipse. Draw a similar elUpse in the 
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opposite end of the prism and draw the bounding lines to 
represent the outer generators of the cyUnder. 
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Fig. 82. 

It is always to be borne in mind that measurements 
can only be made along lines parallel to an axis of projec- 
tion and to the scale corresponding to that axis. 

Exercises. 

1. Find the isometric projection of a cube of 3" edge. 

2. Find the axometric projection of a cylinder of 2" 
diameter and 3" length when the scales along two of the 

. axes are f and f . 
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3. Make an orthographic projection of a mortise-and- 
tenon joint, and represent it in an isometric projection. 

4. The axes of projection make angles of 120° and 135°. 
Represent a square pyramid, side of base 2" and altitude 
4". 

5. Make an isometric projection of a hexagonal nut for 
a bolt of 2" diameter. The side of the hexagon may measur 
1".5 and the thickness of the nut also measure 1".5. 
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CHAPTER VIII. 

SHADES AND SHADOWS. 

In order to give projections of objects the appearance of 
solidity they are sometimes represented as casting "shadows " 
on one or both of the projection planes, and those portions 
of them which are remote from the supposed source of 
light, i.e., the parts which the rays of light cannot reach, 
are represented as being in ''shade." 

The rays are usually supposed to c6me from an infinite 
distance, that is, they are parallel. 

Problem I. — Given the direction of the rajrs, to find 
the shadow cast on the horizontal plane by a given line. 
(Fig. 83.) 

Let AB be the line, and let the plan and elevation of a 
ray be represented by v and v\ Through A draw a line 
parallel to the given rays. The trace of this line in the 
H.P. will represent the shadow of A. Find this trace Ai 
and similarly find the shadow of B in Bi. The line AiBi 
will represent the required shadow of AB. 

If the shadow on the V.P. were required, it would be 
found in a similar manner by determining the traces on 
that plane. 

Problem II. — Find the shadow cast on the horizontal 
plane by a cube when two faces are horizontal and the 
other faces inclined to the V.P. (Fig. 84.) 

Ill 
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Let V and 1/ represent the projection of the rays. By the 
method of Prob. I the shadow of the edge BC will be found 
in BiCi; the shadow of the vertical BG in BiGi; of GE in 
GiEi; of EF in EiFi; of the vertical DF in DiFi, and of 
DC in DiCi. Completing the shadow boundary line, the 




Fig. 83. 



other comers will be found to have their shadows within 
this boundary. In the vertical projection the face DCHF 
might be represented as in shade. 

Problem III. — Find the vertical projection of the shade 
and shadow on a cyUndrical colmnn surmounted by a 

« 

rectangular cap. (Fig. 85.) 

Let the direction of the rays be represented by v and 1/. 
Let the projection of the lower edge of the cap be represented 
by abed. First find the portion of the column which is in 
shade by drawing tangent lines to it parallel to the hori- 
zontal projection of rays. The front portion of the colunm in 
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shade will lie to the right of x. Draw the vertical through 
X, To find the shadow cast on the cylindrical surface by 
abcdy imagine a vertical plane of rays passing through any 
point in the cap, as B. Such a plane will cut the cylinder 




Fig. 84. 



along a line of which the vertical projection is w't^", and 
the ray passing through B and lying in this plane will meet 
the surface in a point whose vertical projection is u", 
which therefore represents the shadow cast by B on the 
column. Similarly the shadows cast by E, F, G, aud H 
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are to be found in r", s", ^", u", v", w'\ Join these free- 
hand to represent the shadow boundary on the cylinder. 
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Fig. 85. 



Exercises. 

1. Find the shadow cast on the H.P. by a square pyramid 
standing on a square base. Find also the shadow on the 
surface of the base. Rays at 30° to the H.P. and 45® to 
the V.P. Let the altitude of the pyramid be 2" and an 
edge of its base 1"; and let the base measure 3"X3"Xl" 
high. 

2. A cross with its shaft vertical and its arms parallel to 
the vertical. Find the shadow on both H.P. and V.P. by 
rays of which the projections make angles of 45° with XY. 
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Let the height of the cross be 4" and let the arms and upper 
portion measure 1"XJ"XJ". The vertical shaft is also of 
material J"Xi". 

3. A cyUndrical column 2" XI" diameter with a plane 
cyUndrical abacus 2" .5 diameter by y deep. Find the 
shadow on both planes and the vertical projections of the 
shade and shadow on the object by rays of which the pro- 
jections make angles of 60^ with XY. 



INDEX. 



Altitude, of a prism, 47; of a pyramid, 47. 

Angles, projection and measurement of, 14-16; between planes, 

30-39; between lines and planes, 35. 
Asymptotes to an hyperbola, 86. 
Axis, of a prism, 4'i ; of a pyramid, 47. 
Axometric projections, 104-110. 

Circles, projection of, 41. 

Cones, 47, 48, 63; sections of, 84-86; development of, 90, 95, 97. 

Conical surfaces; penetrations of, 100. 

Cubes, 45; projection of, 48-53; axometric projection of, 107; 

shadow of. 111. 
Curved surfaces, 62-78. 
CJylinders, 47, 48, 63; section of, 83; development of, 89, 93, 95,' 

98; axometric projection of, 107; shadow on, 112. 

Developable surfaces, 62. 
Developments, 88-103. 
Directrix, 62. 
Dodecahedrons, 46 

Elevation, 1. 

Generation of surfaces, 62. 
Generatrix, 62. 

Helicoidal lines, 69, 71. 
Hyperboloid of revolution, 78. 

Icosahedrons, 46. 
Isometric projections, 104. 

Lines; projections, inclinations, and length of, 6-13; traces of, 
12; angles between, 14; shadows of, 111. 
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Meridians, 62. 

Notation, 2. 

Octahedrons, 46; projection of, 57, 58. 
Orthographic projection, 1. 

Penetrations, 8S-103. 

Plan, 1. 

Planes; projection of, 18; traces of, 22-24; in various positions 
with respect to lines and other planes, 24-29. 

Points; projection of, and determination of position of, 3-6. 

Polyhedrons, 45. 

Prisms, 47; projection of hexagonal, 54; sections of, 80-81; 
development of hexagonal, 88; penetrations and develop- 
ments of, 91. 

Pyramids, 47; projection of, 55-57; sections of, 83; altitude 
of, 57. 

Rabatments, 23, 32. 
Ruled surfaces, 62. 

Screw-threads, 71. 

Sections of solids, 80-87. 

Shades, 111. 

Shadows, 111-115. 

Skew surfaces, 62. 

Solids, 45; projection of, 45-61. 

Spheres, 48; projection of a point on, 71; projection of, 73-78. 

Surfaces of revolution, 62; penetrations of, 99; generation of, 62. 

Tangent planes, 63, 65-67, 71, 73, 78. 
Tetrahedrons, 45; altitude of, 56, 57. 
Traces, of lines, 12; of planes, 18, 22-24. 
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Venable's Garbage Crematories in America 8vo, a 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law of Contracts 8vo, 3 00 

'Warren's Stereotomy — Problems in Stone-cutting 8vo, s 50 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

lOmo, morocco, z 25 

IKTilson's Topographic Surveying 8vo, 3 50 

BRIDGES AND ROOFS. 

BoUer'L Practical Treatise on the Construction of Iron Highway Bridges. .8vo, a 00 

•* Thames River Bridge 4to, paper, 5 oa 
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Burr's Course on the Stresses in Bridges and Roof Trusses^- Arched Ribs, and 

Suspension Bridges 8vo, 3 50 

Burr and Falk's Influence Lines for Bridge and Roof Computations 8yo, 3 00 

Design and Construction of Metallic Bridges 8vo, 5 00 

Du Bois's Mechanics of Engineering. VoL II Small 4to, xo 00 

Foster's Treatise on Wboden Trestte Bridges 4to, 5 00 

Fowler'i Ordinary Foundations ^ Sto, 3 50 

Greene's Roof Trusses 8vo, i 25 

Bridge Trusses 8vo, 2 50 

Arches in Wood, Iron, and Stone 8vo, a 50 

Howe's Treatise on Arches , 8vo, 4 00 

Design of Simple Roof-trusses in Wood and SteeL 8yo, 2 00 

Johnson, Bryan, and Turneaure's Theory and Practice in the Designing of 

Modem Framed Structures. Small 4to, xo 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses. . . .-. 8yo, 2 50 

Part n. Graphic Statics 8vo, 2 50 

Part in. Bridge Design 8to, 2 50 

Part IV. Higher Structures 8vo, 2 50 

Morison's Memphis Bridge ^ 4to, xo 00 

Waddell's De Pontibus, a Pocket-book for Bridge Engineers . . x6mo, morocco, 2 oa 

* Specifications for Steel Bridges X2mo, 50 

Wright's Designing of Draw-spans. Two parts in one volume 8vo, 3 50 



HYDRAULICS. 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8to, 2 00 

Bovey's Treatise on Hydraulics 8vo, 5 00 

Church's Mechanics of Engineering Svo, 6 00 

Diagrams of Mean Velocity of Water in Open Channels paper, x 50 

Hydraulic Motors 8vo, 2 00 

Coffin's Graphical Solution of Hydraulic Problems x6mo, morocco, 2 50 

Flather's Dynamometers, and the Measurement of Power x2mo, 3 00 

Folwell's Water-supply Engineering 8vo, 4 00 

Frizell's Water-power 8vo, s 00 

Fuertes's Water and Public Health x2mo, i 5a 

Water-filtration Works x2mo, 2 50 

GanguiUet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo, 4 oo 

Hazenis Filtration of Public Water-supply 8vo, 3 oa 

Hazlehurst's Towers and Tanks for Water-works 8vo, 2 50 

Herschel's xxs Experiments on the Carnring Capacity of Large, Riveted, Metal 

Conduits 8vo, 2 oa 

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 oa 

Merriman's Treatise on Hydraulics 8vo, 5 oa 

* Michie's Elements of Analjrtical Mechanics. 8vo, 4 oa 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large 8vo, 5 oa 

** Thomas and Watt's Improvement of Rivers. (Post., 44c. additional.). 4to, 6 00 

Tumeaure and Russell's Public Water-supplies 8vo, 5 00 

Wegmann's Design and Construction of Dams 4to, 5 00 

Water-si^pply of the City of New York from X658 to X895 4to, xo oa 

Williams and Hazen's Hydraulic Tables 8vo, x 50 

Wilson's Irrigation Engineering Small 8vo, 4 oa 

Wolff's Windmill as a Prime Mover 8vo, 3 oa 

Wood's Turbines 8vo, 2 5a 

Elements of Analytical Mechanics 8vo, 3 oa 
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MATERIALS OF ElfGINEERIITG. 

Baker's Treatise on Masonry Construction 8vo, 

Roads and Parements 8to, 

Black's United States Public Works Oblong 4to, 

* Bovey's Strengtk of Materials and Theory of Structures 8vo, 

Burr's Elasticity and Resistance of the Materials of Engineerinc 8vo, 

Byrne's Highway Construction 8yo, 

Inspection of the Materials and Workmanship Employed in Construction. 

i6mo. 

Church's Mechanics of Engineering 8vo, 

Du Bois's Mechanics of Engineering. VoL I Small 4to, 

*Eckei's Cements, Limes, and Plasters 8yo, 

Johnson's Materials of Construction. Large 8yo, 

Fowler's Ordinary Foundations 8vo, 

* Greene's Structural Mechanics 8vo, 

Xeep's Cast Iron 8vo, 

Lanza's Applied Mechanics 8vo, 

Marten's Handbook on Testing Materials. (Henning.) 3 vols 8vo, 

Maurer's Technical Mechanics 8vo, 

Merrill's Stones for Building and Decoration 8vo, 

Merriman's Mechanics of Materials 8vo, 

Strength of Materials lamo, 

Metcalf's Steel. A Manual for Steel-users x2mo, 

Patton's Practical Treatise on Foundations 8vo, 

Richardson's Modem Asphalt Pavements 8vo, 

Richey's Handbook for Superintendents of Construction x6mo, mor., 

Rockwell's Roads and Pavements in France i2mo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 

Smith's Materials of Machines i3mo. 

Snow's Principal Species of Wood 8vo, 

Spalding's Hydraulic Cement lamo, 

Text-book on Roads and Pavements x3mo, 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 

Thurston's Materials of Engineering. 3 Parts 8vo, 

Part I. Non-metallic Materials of Engineering and Metallurgy 8vo, 

Part II. Iron and SteeL 8vo, 

Part in. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 

Thurston's Text-book of the Materials of Construction 8vo, 

TiUson's Street Pavements and Paving Materials 8vo,. 

Waddell's De Pontibus. (A Pocket-book for Bridge Engineers.) . . x6mo, mor., 

. Specifications for Steel Bridges xsmo. 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, 

Wood's (De V.) Elements of Analytical Mechanics 8vo, 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

SteeL 8vo, 4 00 



RAILWAY ENGINEERING. 

Andrew's Handbook for Street Railway Engineers 3x5 inches, morocco, i 35 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Brook's Handbook of Street Railroad Location. x6mo, morocco, i SO 

Butt's Civil Engineer's Field-book x6mo, morocco, a 50 

Crandall's Transition Curve x6mo, morocco, x 50 

RaihKray and Other Earthwork Tables 8yo, x 50 

Dawson's "Engineering" and Electric Traction Pocket-book. . x6mo, morocco, 5 00 
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Dredce's History of the Pennsylvania Railroad: (1879) Paper* 5 00 

* Drinker's Tunnelling, Explosive Componnds, and Rock Drills. 4to, half mor., 25 00 

Fisher's Table of Cubic Yards Cardboard. 25 

Godwin's Raikoad Engineers' Field-book and Explorers' Guide. . . x6mo, mor., 2 50 

Howard's Transition Curve Field-book i6mo, morocco, i 50 

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments « 8vo, X 00 

Molitor and Beard's Manual for Resident Engineers i6mo, z oa 

Nagle's Field Manual for Railroad Engineers i6mo, morocco* 3 00 

Philbrick's Field Manual for Engineers z6mo, morocco, 3 00 

Searles's Field Engineering i6mo, morocco, 3 00 

Raikoad Spiral i*mo, morocco, i 50 

Taylor's Prismoidal Formulte and Earthwork 8vo, z 50 

* Trautwine's Method of Calculating the Cube Contents of Excavations and 

Embankments by the Aid of Diagrams 8vo, 2 00 

The Field Practice of Laying Out Circular Curves for Railroads. 

lamo, morocco, 2 50 

Cross-section Sheet Paper, 25 

Webb's Railroad Construction z6mo, morocco, 5 00 

Wellington's Economic Theory of the Location of Railways Small 8vo, 5 00 



DRAWING. 

Barr's Kinematics of Machinery 8vo, 

**■ Bartlett's Mechanical Drawing 8vo, 

♦ " " " Abridged Ed. 8vo, 

Coolidge's Manual of Drawing 8vo, paper 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 

Durley's Kinematics of Machines .8ve, 

Emch's Introduction to Projective Geometry and its AppUcations. 8vo, 

Hill's Text-book on Shades and Shadows, and Perspective. 8vo, 

Jamison's Elements of Mechanical Drawing 8vo, 

Advanced Mechanical Drawing ^ 8vo, 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, 

Part n. Form, Strength, and Proportions of Parts. '. .8vo, 

MacCord's Elements of Descriptive Qeometry. 8vo, 

Kinematics; or. Practical Mechanism 8vo, 

Mechanical Drawing 4to, 

Veloeity Diagrams 8vo, 

MacLeod's Descriptive Geometry Small 8vo, 

* Mahan's Descriptive Geometry and Stone-cutting. 8vo, 

Industrial Drawing. (Thompson.) 8vo, 

Moyer's Descriptive Geometry 8vo, 

Reed's Topographical Drawing and Sketching 4to, 

Reid's Course in Mechanical Drawing. , 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design . 8vo, 

Robinson's Principles of Mechanism 8vo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Smith's (R. S.) Manual of ' Topographical Drawing. (McMillan.) 8vo, 

Smith (A. W.) and Marx's Machine Design 8vo, 

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing. i2mo. 

Drafting Instruments and Operations i2mo. 

Manual of Elementary Projection Drawing i2mo. 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow 1 2mo, 

Plane Problems in Elementary Geometry x2mo, 
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Warren's Primary Geometry lamo, 75 

Elements of Descriptive Geometry, Shadows, and Perspectiye 8to, 3 50 

General Problems of Shades and Shadows Svo, 3 oo 

Elements of Machine Construction and Drawing Sto, 7 50 

Problems, Theorems, and Examples in Descriptive G^metry Svo, 2 50 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein.) Svo, 5 00 

Whelpley's Practical Instruction in the Art of Letter Engraving xamo, 2 oo 

Wilson's (H. M.) Topographic Surveying Svo, 3 5o 

Wilson's (V. T.) Free-hand Perspective Svo, 2 50 

Wilson's (V. T.) Free-hand Lettering Svo, i 00 

Woolf 8 Elementary Course in Descriptive Geometry Large Svo, 3 oa 



ELECTRICITY AND PHYSICS. 

Anthony and Brackett's Text-book of Physics. (Magie.) Small Svo 

Anthony's Lecture-notes on the Theory of Electrical Measurements. . . . x2mo 
Benjamin's History of Electricity Svo 

Voltaic Celt Svo 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.)-Svo 

Crehore and Squier's Polarizing Photo-chronograph Svo 

Dawson's "Engineering" and Electric Traction Pocket-book, xdmo^ morocco 
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) x2mo 

Duhem's Thermodynamics and Chemistry. (Burgess.) Svo 

Flather's Dynamometers, and the Measurement of Power x2mo 

Gilbert's De Magneto. (Mottelay.) Svo 

Hanchett's Alternating Currents Explained x2mo 

Hering's Ready Reference Tables (Conversion Factors) x6mo, morocco 

Hohnan's Precision of Measurements ^ . Svo 

Telescopic Ifirror-scale Method, Adjustments, and Tests Large Svo 

Slinzbrunner's Testing of Continuous-current Machines Svo 

Landauer's Spectrum Analysis. (Tingle.) Svo 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess.) x2mo 
Ldb's Electrochemistry of Organic Compounds. (Lorenz.) Svo 

* Lyons's Treati* on Electromagnetic Phenomena. Vols. I. and U. Svo, each 

* Michie's Elements of Wave Motion Relating to Sound and Light Svo 

Niaudet's Elementary Treatise on Electric Batteries. (Fishback.) i2mo 

* Parshall and Hobart's Electric Machine Design 4to, half morocco 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). . .Svo 

Ryan, Norris, and Hoxie's Electrical Machinery. VoL I Svo 

Thurston's Stationary Steam-engines Svo 

* Tillman's Elementary Lessons in Heat Svo 

Tory and Pitcher's Manual of Laboratory Physics Small Svo 

Ulke's Modem Electrolytic Copper Refining Svo 



3 00 
X 00 
3 00 
3 00 
3 00 
3 00 
5 00 
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1 50 
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X 50 

2 00 
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LAW. 



* Davis's Elements of Law Svo, 3 5a 

* Treatise on the Military Law of United States Svo, 7 oa 

* Sheep, 7 50 

Manual for Courts-martiaL x6mo, morocco, x 5a 

Wait's Engineering and Architectural Jurisprudence Svo, 6 oa 

Sheep, 6 5a 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture Svo 5 00 

Sheep, 5 5a 

Law of Contracts Svo, 3 00 

Winthrop's Abridgment of Militaiy Law lamOf a 5a 
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MAiaJFACTURES. 

Benuulott*8 Smokeleflt Powder— Nitro-cellulose and Theory of th) CeOulose 

Molecule zaaot 3 5o 

BoUand'B Iron Founder lamo, a 5» 

" The Iron Founder," Supplement zamo, a 50 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 

Practice of Moulding lamo. 3 00 

* Eckel's Cements, Limes, and Plasters 8vo, 6 00 

Eissler's Modem High Explosives. 8vo, 4 oa 

Effrent's Enzymes and their Applications. (Prescott). • • 8vo, 3 00^ 

Fitzgerald's Boston Machinist zamo, z 00 

Ford's Boiler Making for Boiler Makers. z8mo, z 00 

Hopkin's Oil-chemists' Handbook 8yo, 3 00 

Keep's Cast Iron 8vo, a 5a 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control Large 8vo, 7 50 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, z 50 

Matthews's The Textile Fibres. 8yo, 3 50 

Metcatf' 8 Steel A Manual for Steel-users. zamo, a 00 

Metcalfe's Cost of Manufactures — And the Administration of Workshops. 8yo, 5 00 

Meyer's Modem Locomotive Construction. 4to, zo 00 

Morse's Calculations used in Cane-sugar Factories. z6mo, morocco, z 50 

* Reisig's Guide to Piece-dyeing 8yo, as oa 

Rice's Concrete-block Manufacture 8vo, a 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish Svo, 3 00- 

Smith's Press-working of Metals. 8vo, 3 00 

Spalding's Hydraulic Cement zamo, a 00 

Spencer's HsAdbook for Chemists of Beet-sugar Houses z6mo, morocco, 3 00 

Handbook for Cane Sugar Manufacturers z6mo, morocco, 3 oo> 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced Svo, 5 00 

Thurston's ^^■""•l of Steam-boilers, their Designs, Construction and Opera- 
tion. Svo, 5 00 

* Walke's Lectures on Explosives Svo, 4 00- 

Ware's Beet-sugar Manufacture and Refining Small Svo, 4 00 

West's i^erican Foundry Practice zamo, a 50 

Moulder's Text-book zamo, a 50 

WolfiPs Windmill as a Prime Mover Svo, 3 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .Svo, 4 oa 

MATHEMATICS. 

Baker's Elliptic Functions '. Svo, z 50 

* Bass's Elements of Differential Calculus zamo, 4 00 

Briggs's Elements of Plane Analytic Geometry zamo, z 00 

Compton's Manual of Logarithmic Computations zamo, z 50 

Davis's Introduction to the Logic of Algebra Svo, z 5a 

* Dickson's College Algebra. Large zamo, z 50 

* Introduction to the Theory of Algebraic Equations Large zamo, z as 

Emch's Introduction to Projective Geometry and its Applications. Svo, a 50* 

Halsted's Elements of Geometry Svo, z 7S 

Elementary Simthetic Geometry. Svo, z 50 

Rational Geometry zamo, z 75 

* Johnson's (J. B.) Tluree-place Logarithmic Tables: Vest-pocket size. paper, zs 

zoo copies for 5 oo 

e Mounted on heavy cardboard, S X 10 inches, as 

zo copies for a 00 

Johnson's (W. W.) Elementary Treatise on Differential Calculus. .Small Svo, 3 00 

Elementary Treatise on the Integral Calculus .Small Svo, z 50 
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Johnson's (W. W.) Curve Tracing in Cartesian Co-ordinates lamo, x oo 

Johnson's (W. W.) Treatise on Ordinary and Partial Differential Equations. 

Small 8yo, 3 50 
Johnson's (W. W.) Theory of Errors and the Method of Least Squares. i2mo, i 50 

* Johnson's (W. W.) Theoretical Mechanics xamo, 3 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . z3mo; 2 00 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

Trigonometry and Tables published separately Each, 3 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, i 00 

Manning's Irrational Numbers and their Representation by Sequences and Series 

i2mo, X 25 
Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each i 00 

No. X. History of Modem Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis,' 
by Edward W. Hyde. No. 7. Probability and Theory of ^Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
V/illiam Woolsey Johnson. No. xo. The Solution of Equations, 
by Mansfield Merriman. No. xx. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 00 

Merximan's Method of Least Squares 8vo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential Calculus. . Sm. 8vo, 3 00 

Differential and Integral Calculus. 2 vols, in one Small 8vo, 2 56 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Trigonometry: Analytical, Plane, and Spherical xamo, x 00 



MECHANICAL ENGINEERING. 

MATERLILS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Bacon's Forge P/actice xamo, 

Baldwin's Steam Heating for Buildings xamo, 

Barr's Kinematics of Machinery 8vo, 

* Bartlett's Mechanical Drawing 8vo, 

* " " •• Abridged Ed 8vo, 

Benjamin's Wrinkles and Recipes xamo, 

Carpenter's Experimental Engineering 8vo, 

Heating and Ventilating Buildings 8vo, 

Gary's Smoke Suppression in Plants using Bituminous CoaL (In Prepara- 
tion.) 

Clerk's Gas and Oil Engine Small 8vo, 

Coolidge's Manual of Drawing 8vo, paper, 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 

Cromwell's Treatise on Toothed Gearing xamo. 

Treatise on Belts and Pulleys x2mo, 

Durley's Kinematics of Machines. 8vo, 

Flather's Dynamometers and the Measurement of Power x2mo. 

Rope Driving x2mo. 

Gill's Gas and Fuel Analysis for Engineers x2mo. 

Hall's Car Lubrication i2mo, 

Herixig's Ready Reference Tables (Conversion Factors) x6mo, morocco, 
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Button's The Gas Engine. 8vo, 

Jamison's Mechanical Drawing 8vo, 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, 

Part II. Fonn» Strength, and Proportions of Parts 8vo, 

JKent's Mechanical Engineers' Pocket-book i6mo, morocco, 

Kerr's Power and Power Transmission 8vo, 

Leonard's Machine Shop, Tools, and Methods .8to, 

* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.) . . Svo, 
MacCord's Kinematics; or. Practical Mechanism Svo, 

Mechanical Drawing 4to, 

Velocity Diagrams Svo, 

MacFarland's Standard Reduction Factors for Gases Svo, 

Mahan's Industrial Drawing. (Thompson.) Svo, 

Poole's Calorific Power of Fuels Svo, 

Jleid's Course in Mechanical Drawing Svo, 

Text-book of Mechanical Drawing and Elementary Machine Design. Svo, 

Richard's Compressed Air X2mo, 

Robinson's Principles of Mechanism Svo, 

Schwamb and Merrill's Elements of Mechanism Svo, 

Smith's (O.) Press-working of Metals Svo, 

Smith (A. W.) and Marx's Machine Design Svo, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work Svo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics. i2mo, 

Warren's Elements of Machine Construction and Drawing Svo, 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 
Klein.) Svo, 

Machinery of Transmission and Governors. (Herrmann — Klein.). .Svo, 

Wolff's Windmill as a Prime Mover... Svo, 

Wood's Turbines Svo, 
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MATERIALS OP ENGINEERING. 

'* Bovey's Strength of Materials and Theory of Structures Svo, 7 so 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edition. 

Reset Svo, 

Church's Mechanics of Engineering Svo, 

* Greene's Structural Mechanics Svo, 

Johnson's Materials of Construction Svo, 

Keep's Cast Iron Svo, 

Lanza's Applied Mechanics Svo, 

Martens 's Handbook on Testing Materials. (Henning.) Svo, 

Maurer's Technical Mechanics Svo, 

Merriman's Mechanics of Materials Svo, 

Strength of Materials i2mo, 

Metcalf's SteeL A manual for Steel-users X2mo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish Svo, 

Smith's Materials of Machines x2mo, 

Thui»ton's Materials of Engineering 3 vols., Svo, 

Part II. Iron and Steel Svo, 

Part ni. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 

Text-book of the Materials of Construction Svo, 

Wood's (De V ) Treatise on the Resistance of Materials and an Appendix on 

the Preservation of Timber Svo, 

Elements of Analytical Mechanics Svo, 
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Wood's (M. P.) RtwtleM Coatinci: Corrosion and Eloctrolysis of Iron a^d 
Steel Sto, 



4 oo» 



STEAM-ENGINES AND BOILERS. 



Berry's Temperature-entropy Diagram xamo 

Carnot's Reflections on the Motive Power of Heat (Thurston.) zamo 

Dawson's " Engineering" and Electric Traction Pocket-book. . . . i6mo, mor. 

Ford's Boiler MaAdng for Boiler Makers z8mo 

Goss's Locomotive Sparks 8vo 

Hemenway's Indicator Practice and Steam-engine Economy. xamo 

Button's Mechanical Engineering of Power Plants. 8vo 

Heat and Heat-engines 8vo 

Kent's Steam boiler Economy 8vo 

Kneass's Practice and Theory of the Injector 8vo 

MacCord's Slide-valves 8vo 

Meyer's Modern Locomotive Construction 4to 

"Peabody's Manual of the Steam-engine Indicator zamo 

Tables of the Properties of Saturated Steam and Other Vapors 8vo 

Thermodynamics of the Steam-iengine and Other Heat-engines 8vo 

Valve-gears for Steam-engines 8vo 

Peabody and Miller's Steam-boilers 8vo 

Pray's Twenty Tears with the Indicator. Large 8vo 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors, 

(Osterberg.) zamo 

Reagan's Locomotives : Simple Compound, and Electric zamo 

Rontgen's Principles of Thermodynamics. (Du Bois.) 8vo 

Sinclair's Locomotive Engine Running and Management zamo 

Smart's Handbook of Engineering Laboratory Practice xamo 

Snow's Steam-boiler Practice 8vo 

Spangler's Valve-geazis 8vo 

Notes on Thermodirnamics zamo 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo 

Thomas's Steam-turbines 8vo 

Thurston's Handy Tables 8vo 

Manual of the Steam-engine a vols., 8vo 

Part I. History, Structure, and Theory. 8vo 

Part n. Design, Construction, and Operation. 8vo 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake 8vo 

Stationary Steam-engines 8vo 

Steam-boiler Explosions in Theory and in Practice zamo 

Manual of Steam-boilers, their Designs, Construction, and Operation 8vo 

Wehrenf enning's Analysis and Softening of Boiler Feed-water (Patterson) 8vo 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo 

Whitham's Steam-engine Design r 8vo 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo 



z as 

5 00 
z 00- 
a 00 
a 00 
5 00 
5 00 

4 00 
z 5a 
a 00- 

zo o« 
z 5a 
z 00- 

5 00 
a 5o> 

4 oa 
a 50- 

X as 

a 50- 

5 00- 
a OO' 
a 5a 
3 oa 
a 5a 
z oo- 
3 00 

3 50- 

X 50^ 
zo 00- 

6 00 
6 oa 

5 oa 

a 5a 
X 50 
5 oa 

4 oa 

5 oa 
5 oa 
4 oo- 
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MECHANICS AND MACHINERY. 



Barr's Kinematics of Machinery 8vo, a 50- 

* Bovey's Strength of Materials and Theory of Structures 8vo, 7 5a 

Chase's The Art of Pattern-making zamo, a 5a 

Church's Mechanics of Engineering 8vo, 6 oa 

Notes and Examples in Mechanics 8vo, a 00 

Compton's First Lessons in Metal-working xamo, z 5a 

Compton and De (jroodt's The Speed Lathe zamo. z 5a 
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Cromwell's Treatise on Toothed Gearing lamo, i 50 

Treatise on Belts and Pulleys. lamo, z 50 

Dana's Text-book of Elementary Mechanics for Colleges and Schools. . lamo, z 50 

■Dingey's Machinery Pattern Making i2mo, 2 00 

Dredge's Record of the Transportation Exhibits Building of the World's 

Columbian Exposition of 1893 4to half morocco» 5 00 

Du Bois's Elementary Principles of Mechanics: 

VoL L Kinematics. 8vo, 3 50 

Vol. n. Statics 8vo, 4 00 

Mechanics of Engineering. Vol. I Small 4to, 7 50 

VoL n Small 4to, 10 00 

Durley's Kinematics of Machines 8vo» 4 00 

-Fitzgerald's Boston Machinist i6mo, i 00 

Flather's Dynamometers, and the Measurement of Power i2mo, 3 00 

Rope Driving. i2mo, a 00 

Goss's Locomotive Sparks 8to, 2 00 

* Greene's Structural Mechanics 8vo, a 50 

JSall's Car Lubrication lamo, z 00 

Solly's Art of Saw Filing i8mo, 75 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Small 8yo, a 00 

** Johnson's (W. W.) Theoretical Mechanics zamo, 3 00 

Johnson's (L. J.) Statics by Graphic and Algebraic Methods Svo, a 00 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, z 50 

Part n. Form, Strength, and Proportions of Parts 8yo, 3 00 

Kerr's Power and Power Transmission. 8vo a 00 

Lanza's Applied Mechanics Svo, 7 50 

Leonard's Machine Shop, Tools, and Methods Svo, 4 00 

^ Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean.). 8to, 400 

MacCord's Kinematics; or. Practical Mechanism. 8vo, 5 00 

Velocity Diagrams. 8vo, z 50 

^ Martin's Text Book on Mechanics, VoL I, Statics zamo, z as 

"Maurer's Technical Mechanics 8vo, 4 00 

Mezriman's Mechanics of Materials 8vo, 5 00 

'* Elements of Mechanics zamo, z 00 

* Michie's Elements of Analytical Mechanics 8vo, 4 00 

* Parshall and Hobart's Electric Machine Design 4to, half morocco, za 50 

■Reagan's Locomotives: Simple, Compound, and Electric zamo, a 50 

Reid's Course in Mechanical Drawing 8vo, a 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

lUchards's Compressed Air zamo, z 50 

Robinson's Principles of Mechanism 8vo, 3 00 

Hyan, Norris, and Hoxie's Electrical Machinery. VoL L 8vo, a 50 

^hwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Sinclair's Ix>comotive-engine Running and Management. zamo, a 00 

Smith's (0.) Press-working of Metals 8vo, 3 00 

Siziith's (A. W.) Materials of Machines zamo, z 00 

^Smith (A. W.) and Marx's Machine Design 8vo, 3 00 

•Spazigler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 

Work 8vo, 3 00 

Animal as a Machine and Prime Motor, and the Lawc of Energetics, zamo, z 00 

Warren's Elements of Machine Construction and Drawing 8vo, 7 50 

Weisbach's Kinematics and Power of Transmission. (Herrmann — Klein. ).8vo, 5 00 

Machinery of Transmission and Governors. (Herrmann — Klein. ).8vo, 5 00 

Wood's Elements of Analytieal Mechanics. 8vo, 3 00 

Principles of Elementary Mechanics. zamo, z as 

Turbines 8vo, a 50 

■The World's Columbian Exposition of Z893 4to, z 00 
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METALLURGY. 

Egleston's Metallurgy of Silver, Gold, and Mercury: 

Vol. I. Silver 8vo, 7 50 

VoL II. Gold and Mercury 8vo, 7 50 

Goesers Minerals and Metals: A Reference Book x6mo, mpr. 3 00 

** Iles's Lead-smelting. (Postage 9 cents additional.) i2mo, 2 50 

Keep's Cast Iron Svo, 2 50 

Kunhardt's Practice of Ore Dressing in Europe Svo. z 50 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess. )i2mo. 3 00 

Metcalf's Steel. A Manual for Steel-users x2mo, 2 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . . . i2mo, 2 50 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Smith's Materials of Machines i2mo, i 00 

Thurston's Materials of Engineering. In Three Parts Svo, 8 00 

Part n. Iron and SteeL 8vo, 3 50 

Part m. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents. 8vo, 2 50 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 



MINERALOGY. 

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 2 50 

Boyd's Resources of Southwest Virginia Svo, 3 00 

Map of Southwest Virignia Pocket-book f onh. 2 00 

Brush's Manual of Determinative Mineralogy. (Penfield.) Svo, 4 00 

Chester's Catalogue of Minerals Svo, paper, i 00 

Cloth, I 25 

Dictionary of the Names of Minerals Svo 3 50 

Dana's System of Mineralogy Large Svo, half leather, 12 50 

First Appendix to Dana's New " System of Mineralogy." Large Svo, i 00 

Text-book of Mineralogy Svo, 4 00 

Minerals and How to Study Them i2mo, i 50 

Catalogue of- American Localities of Minerals Large Svo, i 00 

Manual of Mineralogy and Petrography i2mo, 2 00 

Douglas's Untechnical Addresses on Technical Subjects i2mo, i 00 

Eakle's Mineral Tables Svo, i 25 

Egleston's Catalogue of Minerals and Synonyms .Svo, 2 50 

Goesel's Minerals and Metals : A Reference Book i6mo, mor. 3 00 

Groth's Introduction to Chemical Crystallography (Marshall) i2mo, i 25 

Hussak's The Determination of Rock-forming Minerals. (Smith.). Small Svo, 200 

Merrill's Non-metallic Minerals: Their Occurrence and Uses Svo, 4 00 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

Svo, paper, 50 
Rosenbusch's Microscopical Physiography of the Rock-making Minerals. 

(Iddings.) Svo, 5 00 

* Tillman's Text-book of Important Minerals and Rocks I Svo, 2 00 



MINING. 

Beard's Ventilation of Mines x2mo, 2 50 

Boyd's Resoiirces of Southwest Virginia Svo, 3 00 

Map of Southwest Virginia Pocket-book form 2 00 

Douglas's Untechnical Addresses on Technical Subjects i2mo, i 00 

* Drinker's Tunneling, Explosive Compounds, and Rock Drills. .4to,hf. mor., 25 00 

Eissler's Modern High Explosives 8vo» 4 -»o 

Goesel's Minerals and Metals : A Reference Book i6mo, mor. 3 00 
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Goodyear's Coal-mines of the Western Coast of the United States i2mo, 2 50 

ihbeng's Manual of Mining Svo, 5 00 

** Iles's Lead-smelting. (Postage gc. additionaL) i2mo, 2 50 

Ktmhardt's Practice of Ore Dressing in Europe 8vo, i 50 

O'Driscoll's Notes on the Treatment of Gold Ores. 8vo, 2 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo» 4 00 

* Walke's Lecttu-es on Explosives 8vo, 4 00 

Wilson's Cyanide Processes i2mo, i 50 

Chlorination Process i2mo, 1 50 

Hydraulic and Placer Mining i2mo, 2 00 

Treatise on Practical and Theoretical Mine Ventilation T2mo, z 25 



SANITARY SCIENCE. 

Bashore's Sanitation of a Country House z2mo, i 00 

Foiwell's Sewerage. (Designing* Construction, and Maintenance.) 8vo, 3 00 

Water-supply Engineering 8vo, 4 00 

Fowler's Sewage Works Analyses i2mo, 2 00 

Fuertes's Water and Public Health i2mo, i 50 

Water-filtration Works z2mo, 2 50 

Gerhard's Guide to Sanitary House-inspection z6mo, z 00 

Goodrich's Economic Disposal of Town's Refuse Demy 8yo, 3 50 

Hazen's Filtration of Public Water-supplies 8vo, 3 00 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 50 

Mason's Water-supply. (Considered principally from a Sanitary Standpoint) 8yo, 4 00 

Examination of Water. (Chemical and Bacteriological.) z2mo, z 25 

Ogden's Sewer Design Z2mo, 2 00 

Prescott and Winslow's Elements of Water Bacteriology* with Special Refer- 
ence to Sanitary Water Analysis z2mo, z 25 

* Price's Handbook on Sanitation z2mo, z 50 

Richards's Cost of Food. A Study in Dietaries z2mo, i 00 

Cost of Living as Modified by Sanitary Science z2mo» z 00 

Cost of Shelter z2mo, z 00 

Richards and Woodman's Air, Water ,^ and Food from a Sanitary Stand- 
point 8vo, 2 00 

* Richards and Williams's The Dietary Computer 8vo, z 50 

Rideal's Sewage and Bacterial Purification of Sewage 8vo, 3 50 

Turneaure and Russell's Public Water-supplies 8vo, 5 00 

Von Bearing's Suppression of Tuberculosis. (Bolduan.) z2mo, z 00 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Winton's Microscop3r of Vegetable Foods 8vo, 7 50 

Woodhull's Notes on Military Hj^iene z6mo, z 50 

* Personal Hygiene Z2mb, z 00 



MISCELLANEOUS. 

De Fursac's Manual of Psychiatry. (Rosanoff and Collins.). . . .Large z2mo, 2 50 

Ehrlich's Collected Studies on Immunity ( Bolduan) 8vo, 6 00 

Emmons's Geological Guide-book of the. Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, z 50 

Ferrel's Popular Treatise on the Winds 8vo, 4 00 

Haines's American Railway Management Z2mo, 2 50 

Mott's Fallacy of the Present Theory of Sound z6mo» z 00 

Ricketts's History of Rensselaer Polytechnic Institute, Z824-Z894.. Small 8vo. 3 00 

Rostoski's Serum Diagnosis. (Bolduan.) z2mo, z 00 

Rotherham's Emphasized New Testament Large Svo. 3 00 
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Steel's Treatise on the Diseases of the Dog. 8yo, 3 S* 

The World's Columbian Exposition of 1893 4to, x o% 

Von Behring's Suppression of Tuberculosis. (Bolduan.) xamo, x 00 

Winslow's Elements of Applied Microscopy lamo, x 50 

Worcester and Atkinson. Small Hospitals, Establishment and Maintenance; 

SucK^stions for Hospital Architecture : Plans for Small Hospital . xamo, x as 



HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Elementary Hebrew Granmiar. xamo, x 25 

Hebrew Chrestomathy 8vo, 2 00 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to, half morocco, 5 00 

Letteris's Hebrew Bible. 8vo, a 35 
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